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ABSTRACT 


f 

The  collision  toler£mt  navigational  marker  system  study 
was  undertaken  to  determine  the  feasibility  of  using  rubber 
as  a  flexure  element  when  mounted  in  a  fixed  navigational 
structure  for  shallow  water  applications  (20  ft.  depth  or 
less) .  Quantitative  evaluations  will  be  made  of  the  system's 
technical  feasibility,  performance  under  environmental 
loadings,  availability,  associated  installation  systems,  and 
cost.  It  is  the  intent  of  this  work  to  develop  a  data  base, 
investigate  the  use  of  mathematical/computer  models,  develop 
a  configuration  matrix  of  installation  modes. 
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Piling  Projected  Area  (immersed) 

Area  of  Navigation  marker 

Distance  from  the  Neutral  Axis  to  Outermost  fiber  of 
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Moment  Due  to  Current 

Total  Moment  Due  to  Environment 

Moment  Due  to  Wind  Loads  on  Marker 

Moment  Due  to  Wind  Loads  on  above  Water  Piling 
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Mean  Radius 
Reynold's  Number 

Disteince  from  Applied  Wind  Load  to  Flexure  Element 
Wind  Speed 

Water  Free  Stream  Velocity 
Kinematic  Viscosity 
Water  Density 

Angular  Deflection  from  Vertical  Axis 


I.  INTRODUCTION 


Since  the  early  1700 's  when  the  Little  Brewster  Island 
Lighthouse  was  erected  to  light  the  entrance  of  Boston  Harbor, 
the  United  States  Coast  Guard  has  expanded  the  short  range 
aid  to  navigation  system  to  include  Alaska,  Hawaii,  east 
and  west  coasts  of  the  mainlcuid  United  States  and  major 
inland  rivers  and  lakes. 

The  U.S.  Coast  Guard  is  wholly  responsible  for  60%  of 
the  approximately  80,000  short  range  aids  to  navigation. 

This  includes  procurement  of  material,  fabrication,  installa¬ 
tion,  maintenance,  repair,  and  replacement.  This  system  of 
short  range  aids  consists  of  buoy  and  fixed  structures  which 
offer  a  combination  of  sound,  light,  cuad/or  electronic 
beacons . 

The  dependability  of  these  markers  is  critical  as  they 
id«»»'tify  hazards  to  marine  traffic.  The  markers  define  navi¬ 
gable  channels  in  rivers  and  are  extensively  used  by  pilots 
in  guiding  barge  traffic.  Not  only  must  these  aids  be  there 
but  their  position  must  be  known  and  correspond  to  the  navi¬ 
gation  charts.  Figure  1  illustrates  the  approximate  distri¬ 
bution  cuid  densities  of  the  navigation  aids  throughout  the 
United  States. 

In  order  to  meet  this  mission  requirement  the  U.S.  Coast 
Guard  maintains  a  fleet  of  highly  specialized  vessels  varying 
in  length  from  33  feet  to  180  feet.  These  specialized  vessels 


carry  crews  whose  technical  background  and  capability  must 
span  many  different  disciplines  including  -^ivil,  mechanical, 
and  electrical  engineering.  Equipment  as  diverse  as  4500 
Ibf.  diesel  powered  pile  drivers  and  delicate  alignment 
instruments  are  utilized. 

The  navigational  aids  are  designed  to  withstand  the 
environmental  loading  due  to  wind,  current,  waves,  and  ice 
where  applicable.  In  addition  to  the  above  loads  many 
markers,  especially  in  narrow  channels,  are  often  exposed  to 
direct  collision  impact  loads  by  marine  traffic  such  as 
ships,  and  barge  strings.  According  to  the  8th  U.S.  Coast 
Guard  District,  Civil  Engineering  Branch,  located  in  New 
Orleans,  Louisiana,  approximately  300  fixed  structure  aids 
are  "destroyed"  each  year.  Another  400  fixed  aids  are 
damaged.  In  that  district  alone  the  direct  replacement  cost 
exceeds  $1,000,000.00  annually.  This  includes  vessel  time, 
man  hours,  materials,  and  navigation  packages.  The  installa¬ 
tion  of  a  navigational  marker  is  particularly  labor  intensive. 
In  each  operation  the  precise  marker  location  must  be  iden¬ 
tified,  the  damaged  structure  located  and  pulled,  and  a  new 
fixed  structure  driven.  In  addition  the  possibility  of  law 
suits  and  litigation  due  to  marker  failure  can  represent 
significant  additional  cost  to  the  government. 

It  is  thus  obvious  that  a  navigational  structure  that 
will  maintain  its  position  and  orientation  under  environmental 
loads  yet  absorb  or  deflect  under  vessel  collision  impact 
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would  signi£ic£uitly  alleviate  the  effort  and  cost  required 
to  maintain  the  system. 


It  is  the  purpose  of  this  study  to  explore  the  feasibility 
of  a  "Collision  Tolerant"  (CoTo)  fixed  navigation  marker 
that  will  significantly  reduce  costs  euid  improve  the  system's 
reliability.  In  order  to  accomplish  this  the  project  is 
structured  in  four  phases.  The  first  will  focus  on  the 
environmental  conditions  and  the  resultant  environmental 
loads  on  a  typical  fixed  structure.  The  second  phase  will 
address  concept  formulation.  The  third  element  will  focus 
on  analytical  modeling  and  experimental  validation  of  a 
flexure  joint.  The  last  phase  will  be  devoted  to  the  system 
integration. 
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II.  PROBLEM  STATEMENT 


Otiring  its  life  cycle  a  fixed  navigational  aid  sees  a 
combination  of  two  categories  of  loads;  environmental  loads 
and  collision  loads.  Failures  due  to  environmental  condi¬ 
tions  alone  are  very  rare.  Destruction  as  a  result  of  colli¬ 
sion  impact  loading  is  the  primary  cause  of  failure  in  fixed 
aids.  Collision  may  completely  destroy  the  marker  including 
its  supporting  structure,  or  it  may  disable  its  signaling 
capability.  In  the  former  case  not  only  is  the  marker  des¬ 
troyed  but  also  its  precise  location  is  lost.  It  may  be 
several  days  before  a  report  is  received  by  the  U.S.  Coast 
Guard  identifying  the  damaged  aid.  Once  it  has  been  identi¬ 
fied,  a  buoy  tender  is  dispatched  to  first  find  the  original 
position  of  the  navigational  aid,  remove  damaged  aid  if 
necessary,  and  drive  the  necessary  piling  to  support  a  new 
navigational  aid  package. 

Approximate  costs  of  replacement  vary  depending  on  loca¬ 
tion  and  size  of  the  navigational  aid.  Also  factoring  into 
the  total  cost  is  the  size  of  vessel  required  to  effect  re¬ 
pairs.  The  exact  replacement  costs  are  difficult  to  estimate. 
For  a  simple  driven  pile  structure  the  costs  vary  between 
$500.00  and  $2,500.00  for  wood  pile  emd  a  light  steel  structure 
respectively.  Vessel  cost  ranges  over  a  wide  spectrum  but 
for  convenience  $400. 00/hour  is  assumed.  A  typical  installa¬ 
tion,  where  the  location  of  the  marker  must  be  determined  and 
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surveyed,  may  require  8  to  10  hours.  Thus  the  cost  of  com¬ 
plete  replacement  may  be  as  high  as  ten  thousand  dollars. 

It  is  thus  obvious  that  a  navigation  marker  which  has  the 
capability  to  survive  an  encounter  with  a  vessel  will  signi¬ 
ficantly  affect  the  total  cost  of  the  system.  Figure  2  repre¬ 
sents  the  performance  constraints  and  operating  conditions 
of  a  fixed  navigation  marker. 


T 


C. 


Environment 

Bast  &  Cult  Coast 

Maximiim  Water  Depth 

20  Feet 

Minimum  Water  Depth 

5  Feet 

Wave  Action 

4-5  Feet 

Maximiam  Wind  Speed 

75  Miles/Hour 

Ice  Conditions 

N/A 

Bottom  Conditions- Slope 

10-15  Degrees 

-Consistency 

Soft-Clay 

Current 

1-3  Knots 

Performance  Tolerance 

Small  Deflection  (Environmental  Load) 

No  Deunage 

Small  Deflection  (Impact  Loading) 

No  Support  Deunage 

Full  Run-Over  Capability 

Nav.  Aid  Damage 

Allowable  Variation  In  Recovery 

15  Degrees 

Installation 

Driving  Loads 

4500  Ibf 

Special  Handling  Requirements 
-Maximum  Weight 

18000  lbs 

-Maximum  Length 

60  Feet  (wood) 

Lifecycle  10-20  Years 

40  Feet  (  Steel) 

Materials 

Wood 

Maximum  Cost 

Steel 

Concrete 

$10,000.00 

Figure  2.  System  Performance  Parameters 
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III.  MARKER  LOADING  CONDITIONS 


The  type  of  loading  conditions  are  depicted  in  Figure  3. 
There  are  3  categories:  environmental,  installation,  amd 
collision.  These  loading  conditions  will  be  largely  deter¬ 
mined  by  the  geographic  location  of  the  marier.  In  addition, 
bottom  topography  and  soil  conditions  will  be  a  factor  in  the 
type  of  marker  system  structure  loads .  Bottom  terrain  can 
vary  between  coral,  gravel  and/or  dense  sand,  loose  sand 
and/or  clay,  auid  fibrous  silt.  Slope  conditions  generally 
encountered  range  from  flat  to  15  degrees. 

The  relationship  between  current  conditions,  type  of 
bottom,  piling  diameters,  and  driven  depth  has  been  developed 
through  experience  and  empirical  correlation.  A  typical 
driven  piling  performance  chart  is  presented  in  Figure  4 
taken  from  Reference  1. 

A.  ENVIRONMENTAL  LOADS 

Environmental  loads  cam  be  grouped  into  four  categories : 
current  loads  on  the  piling,  wind  loads  on  the  superstruc¬ 
ture,  loads  due  to  ice  conditions,  and  loading  due  to  vortex 
shedding  by  the  immersed  piling.  Figure  5  presents  a  typi¬ 
cal  marker  loading  condition. 

1.  Current  Loads 

In  determining  the  current  loads  on  a  vertical  piling 
a  number  of  assumptions  are  made,  a)  The  current  is  assumed 
uniform  and  constant  with  depth.  In  reality  there  is  a 
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CORAL 
IHSM  -  100) 


Figure  4.  Driving  Depths  for  Various  Pile  Types  [Ref.  1  pp.4-8] 


Current  Loading 
on  Column 


certain  velocity  stratification,  however,  this  variation  is 
difficult  to  determine.  The  above  assumption  is  considered 
reasoncdile  as  it  is  on  the  conservative  side,  b)  In  the 
case  of  an  incline  piling  the  current  load  will  be  determined 
on  the  basis  of  a  vertically  projected  length  of  the  piling. 
This  is  again  a  conservative  approach  often  followed  in  ocean 
engineering  practice. 

The  drag  on  a  circular  cylinder  transverse  to  a  fluid 
stream  is  given  by  Equation  1. 


1  ^  ^ 

2  ^“^p  Sp 


where  Cj^  is  the  drag  coefficient  for  the  appropriate  Reynolds 
number,  A  is  the  cylinder’s  projected  area,  is  the  current 
velocity,  p  is  the  density  of  the  fluid.  The  moment  generated 
at  the  bottom  of  the  piling  due  to  the  current  load  is  given 
by  Eqviation  2 . 


“  2  ^DC 


i  p  D  L J  U  C_ 
4  p  P  °°  D 


For  the  case  where  the  piling  is  inclined  a  degrees 

from  the  vertical  then  the  second  assumption  above  is  applied. 

In  this  case  the  piling  length  in  Equation  2  becomes 

L  =  L  cos  a.  Examination  of  Equation  2  reveals  that  the 
a  p 

piling  moment  due  to  current  forces  is  linearly  proportional 

to  the  pile  diameter  and  varies  as  the  square  of  the 

immersed  length  L  . 

P 
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2 .  Wind  Loads 


The  wind  loads  are  primarily  evident  on  the  super¬ 
structure  or  the  navigation  marker  proper.  In  addition,  air 
loads  are  also  developed  on  the  above-water  piling.  In  the 
majority  of  cases  the  navigational  signal  marker  is  a  flat 
plate  approximately  9  square  feet  in  projected  area.  For 
this  geometry  the  drag  is  given  by  Equation  3. 

''dm  -  I‘=“X=DM 
The  moment  thus  becomes 


^  ^DA 


The  wind  loads  on  the  above-water  portion  of  the  piling 
itself  are  given  in  a  similar  fashion  to  Equation  1,  as; 


Dw 


?  <=  "w  °cp 


(5) 


The  moment  thus  becomes 


(6) 


As  the  system  departs  from  a  vertical  orientation  both  of 
these  wind  loads  will  tend  to  decrease. 


3.  Ice  Conditions 


Ice  conditions  will  certainly  impact  the  design  of 
fixed  navigation  structiires.  The  consideration  is  formulated 
in  two  parts;  floating  ice  and  accumulated  top  side  ice.  In 
the  former  case  there  can  be  two  possible  situations.  The 
ice  cam  exist  as  a  frozen  drifting  sheet,  or  ice  chunks, 
floating  with  the  current.  A  drifting  ice  sheet  moving  on 
a  frozen-over  body  of  water  will,  if  of  sufficient  thickness, 
destroy  the  fixed  piling  structure  or  push  it  over.  Ice 
sheets  floating  with  the  speed  of  the  current  will  introduce 
impact  loads. 

Top  side  ice  accumulation  on  the  navigation  marker 
itself  is  difficult  to  quantify.  Suffice  it  to  say  that 
weight  correction  factors  can  be  applied.  For  the  purpose 
of  this  study  ice  effects  are  not  considered.  First  there  is 
little  marine  traffic  in  frozen-over  conditions  and  hence 
little  use  for  the  correctly  displayed  markers.  Second  ice 
impact  loads  are  in  effect  analogous  to  collision  loads  from 
marine  traffic.  Thus  a  system  that  Cem  handle  traffic  impacts 
C2m  survive  collisions  with  moving  ice  flows. 

4.  System  Frequencies 

In  order  to  insure  that  the  system's  natural  frequency 
f^  does  not  correspond  to  the  frequency  with  which  vortices 
are  shed,  the  vortex  shedding  frequency  n  is  related  by  the 
Strouhal  nvonber.  Equation  7. 


n  D 


S  (Strouhal  number) 


(7) 


Ideally,  the  natural  frequency  should  have  the  following 
relationship. 


fn  i  1.5  n 


If  the  structure  is  modeled  as  a  rigid  body  attached  to  a 
torsion  spring,  the  equation  for  the  natural  frequency  is 
given  by  Equation  9 . 


where 


“m  =  <J> 


K  = 


J  =  Mr 


For  the  purpose  of  this  design  a  worst  case  loading 
situation  will  be  assumed.  Thus  the  particular  structural 
configuration  must  maintain  its  vertical  orientation  within 
specified  limits  for  the  case  where  the  moments  due  to  current 
and  wind  loads  are  in  the  same  direction.  It  is  realized  that 
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this  concurrence  of  applied  loads  will  exist  only  in  a  few 
instances . 


B .  INSTALLATION  LOADS 

Installation  loads  fall  into  two  separate  categories: 
handling  loads  and  driving  loads. 

1.  Handling  Loads 

Handling  loads  are  the  forces  introduced  during  ship 
loading  and  unloading  of  the  system  and  in  positioning  the 
marker  for  driving.  While  this  aspect  may  not  be  of  great 
significance  in  the  case  of  a  single  piece  piling  it  will 
need  to  be  considered  when  the  system  includes  possible 
flexure  elements. 

2.  Driving  Loads 

In  the  conventional  single  piling  system  driving 
loads  are  not  a  problem.  Any  proposed  system  must  have  the 
capability  to  handle  the  driving  hammer's  force  which  can 
approach  4500  Ibf. 

C.  COLLISION  LOADS 

Impact  loads  as  a  result  of  collision  between  marine 
vehicles  and/or  ice  conditions  and  those  encountered  in  pile 
driving  can  either  heel  over  the  structure  or  completely  break 
it  off.  It  is  difficult  to  quantify  the  range  of  impact 
loads  generated  by  these  collisions. 


IV.  CONCEPT  FORMULATION 

In  order  that  a  fixed  navigation  marker  "survive"  under 
the  loading  conditions  described  it  must  have  certain 
attributes .  These  are : 

a)  Under  environmentcd.  loads  of  current  and  winds  the 
marker  must  maintain  a  vertical  orientation  within  a  certain 
angular  envelope.  Under  these  loads  the  system  must  be 
"stiff". 

b)  '^n  impact  by  a  barge  the  piling  must  become  very 
"soft"  and  deflect  out  of  the  path  of  the  vehicle.  The 
deflection  may  continue  even  to  the  point  that  the  marker 
is  "run  over"  by  the  traffic. 

c)  Once  the  impact  loads  are  removed  the  marker  must 
automatically  redeploy  into  its  vertical  orientation  envelope. 
The  above  requirements  are  described  with  the  aid  of  Figure 

6.  Depicted  are  the  desirable  reaction  moments  of  the  system 
and  the  loading  moments  due  to  environmental  forces  and  im¬ 
pact  versus  the  deflection  a.  Up  to  a  maximum  worst  case 
moment  due  to  environmental  loads  the  piling  must  maintain 
a  vertical  orientation  within  ±15®.  If  a  moment  greater 
than  the  design  moment  is  applied,  such  as  that  resulting 
from  impact,  the  piling  must  deflect,  i.e.,  the  angular 
excursion  becomes  very  large.  This  deflection  allows  the 
piling  to  clear  the  impacting  object. 
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Once  the  traffic  has  overrun  and  cleared  the  area  the 
restoring  moment  must  exceed  the  moment  due  to  environmental 
forces  present  in  the  deflected  configuration.  Otherwise 
the  system  will  not  regain  its  original  vertical  deployment. 
It  is  thus  apparent  that  a  type  of  "snap  through"  behavior 
is  required  of  this  piling.  This  in  turn  leads  into  a  search 
for  a  flexure  mechanism  that  will  have  the  desired  character¬ 
istics. 

A  range  of  concepts  was  examined.  A  selected  set  of 
arramgements  is  illustrated  in  Figures  7  through  10.  Each 
has  its  advantages  and  disadvantages.  Different  types  of 
flexure  elements  include  torsional  springs,  mechanical  snap- 
through  mechanism  (similar  to  the  common  wall  moimted  light 
switch)  ,  tethered  floating  platforms,  and  rtibber  elements. 

The  United  States  Coast  Guard  Office  of  Ocean  Engineering, 
Washington,  D.C.,  for  reasons  of  low  cost  and  high  off-the- 
shelf  availcUsility  decided  that  rubber  in  a  particular 
configuration  had  significant  promise.  The  most  common 
configuration  of  these  rubber  elements  is  a  hallow  circular 
cross  section  of  various  outside  to  inside  diameter  ratio. 

The  rubber  is  either  extruded  with  no  attached  flanges  or 
molded  with  integral  metal  flanges.  Appendix  A  is  a  sample 
of  commercial  literature  available  on  this  material. 

These  units,  generally  referred  to  as  cell  marine  fenders 
are  designed  as  annular  columns  which  fail  in  the  buckling 
mode.  For  the  proposed  application  in  the  case  of  the  fixed 
navigational  system  the  cylindrical  rubber  element  will 
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V.  MODEL  DEVELOPMENT 


The  purpose  of  this  section  is  to  develop  an  insight 
and  gain  understanding  into  the  behavior  of  a  rubber  cylindri 
cal  beam.  The  loading  conditions  assumed  are  similar  to 
those  that  would  be  found  if  the  beam  were  used  as  the 
flexure  joint  in  the  fixed  marine  piling. 

A.  ANALYTICAL  APPROACH 

The  type  of  loading  and  expected  reaction  loads  in  the 
proposed  system  is  illustrated  in  Figure  11.  The  primary 
steady  loads  are  the  moments  due  to  environmental  forces. 
These  are:  current  loads  on  the  piling,  wind  loads  on  the 
navigation  marker,  and  wind  loads  on  the  above  water  piling. 
The  dominant  load  is  the  current  load.  The  transient  or 
collision  impact  loads  will  of  course  be  magnitudes  larger 
than  the  s  teady  loads . 

The  analysis  of  the  CoTo  system  was  modeled  as  a  simple 
cantilever  beeun  of  circular  cross  section  (pipe)  .  As  indi¬ 
cated  in  Appendices  B  and  C,  the  various  loads  when  acting 
in  parallel  with  one  another  create  the  free  body  diagram 
noted.  The  linear  differential  equation  relating  the  deflec¬ 
tion  V  to  the  internal  bending  moment  M  in  a  beam  is 
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Figure  11.  Free-Body  Diagram 


where  X  is  the  axial  coordinate  and  El  is  the  flexural 


rigidity  or  bending  modulus.  For  small  angles,  less  than  5 
degrees,  9  will  be  approximately  equal  to  the  slope  of  the 
curve  (tan  0) .  The  deflection  v  and  the  slope  of  the 
deflection  curve  are  related  by 
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Assuming  loading  intensity  w  can  be  related  by 
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The  following  set  of  useful  differential  equations  is  formed 
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[Ref.  2,  p.  331] 


(14) 


These  egxiations  are  called  the  equations  of  flexure  for  the 
bending  of  a  beam.  Appendix  D  shows  the  solutions  of  these 
differential  equations  for  a  fixed-free  beam. 

These  relationships  generally  apply  to  isotropic  materials 
which  when  loaded  below  critical  values  produce  only  small 
deflections  (rotations  <  5**)  .  Analysis  of  a  beam  with  iso¬ 
tropic  material  properties  relies  on  the  linear  relationship 
of  stress  to  strain 

{a}  =  (E]  {e}  (15) 

Analysis  of  a  beam  with  nonisotropic  and  nonlinear  materials 
uses  the  nonlinear  relationship 

{o}  *  [E(e) ]  {e}  (16) 

However  for  very  small  deflections  of  rubber  the  classic 
methods  of  analysis  can  be  used  with  reasonable  results. 

Because  Hooke's  Law  of  Proportionality  between  stress 
and  strain  does  not  hold  for  strains  as  large  as  are  common 
with  rubber,  the  modulus  of  elasticity  is  seldom  used  in  the 
rubber  industry . 

As  was  indicated,  bending  of  this  beam  is  a  very  critical 
parameter  in  determining  the  failure  mode  of  the  model.  Con¬ 
sidered  also  is  the  snap-through  action  which  occurs  past 
certain  deflection  limits.  This  is  similar  to  the  onset  of 
thin  shell  buckling.  At  this  point,  it  must  be  noted  that 


there  is  no  buckling  "per  se"  in  the  large  deflection  of 
the  beam  that  is  loaded  with  transverse  forces.  However,  as 
the  cylindrical  beam  deforms,  local  buckling  does  occur 
when  the  original  circular  cross  section  collapses.  Equation 
17  relates  the  critical  load  for  a  geometry  similar  to  the 
proposed  configuration 
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(17) 


[Ref.  3,  pp.  151] 

for  the  onset  of  thin  shell  buckling  loaded  axially  as  shown 
in  Figure  12a.  Loading  of  the  model  and  identification  of 
the  "local  buckling"  zone  is  shown  in  Figure  12b. 

The  validity  of  Equation  17  relies  on  uniform  axial  load¬ 
ing  and  a  D  to  d  ratio  approaching  unity.  Because  the 
experimental  model  does  not  conform  to  either  of  these  con¬ 
straints  Equation  17  will  be  of  no  value  to  predict  the  point 
of  failure. 

It  was  thus  decided  to  approach  the  problem  employing 
computer  programs  using  finite  element  techniques.  It  was 
hoped  that  these  codes  would  have  the  capability  to  address 
the  configuration,  and  material  in  question.  Two  different 
computer  codes  were  explored;  GIFTS  (Graphics -oriented 
Interactive  Finite  element  Time-sharing  System  developed  at 
the  University  of  Arizona  by  Professor  Hussein  A.  Kamel)  and 
ADINA  (A  Finite  Element  Program  for  Automatic  Dynamic 
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Figure  12. 


Incremental  Nonlinear  Analysis  developed  by  Klaus-Jurgen 
Bathe  at  the  Massachusetts  Institute  of  Technology. 

1.  GIFTS 

The  GIFTS  program  is  a  particularly  useful  code  in 
addressing  a  wide  variety  of  structural  problems.  Details 
of  the  GIFTS  model  used  in  this  analysis  are  contained  in 
Appendix  E.  Because  GIFTS  does  not  contain  nonlinear  analy¬ 
sis  options,  results  achieved  were  not  very  encouraging  and 
the  program's  use  was  not  pursued  further. 

2.  ADINA 

ADINA  was  developed  for  the  purpose  of  analyzing 
highly  nonlinear  systems  due  to  either  material  nonlineari¬ 
ties  and/or  geometric  nonlinearities.  Details  of  the  ADINA 
model  are  presented  in  Appendix  F.  The  program  output  yields 
realistic  results  particularly  in  the  small  deflection  range. 
It  is  the  Adina  code  that  was  used  to  analytically  predict 
deflections  for  the  proposed  flexure  element. 

B.  EXPERIMENTAL  CORRELATIONS 

In  order  to  validate  the  results  of  the  ADINA  model  an 
experimental  test  program  was  designed  and  executed.  A 
model  rubber  flexure  joint  was  installed  and  tested  throughout 
a  wide  deflection  range.  Loads  and  the  resulting  moments 
were  related  to  the  angular  deflection  of  the  system. 

A  schematic  of  the  test  apparatus  is  illustrated  in  Figure 
13.  A  photograph  of  the  flexure  unit  under  test  is  presented 
in  Figvire  14.  As  shown,  the  testing  apparatus  fixes  one  end 
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of  a  becun  and  applies  a  known  load  transversely  to  the  free 
end.  The  load  remains  perpendicular  to  the  beam  by  means  of 
a  traveling  block.  As  the  load  is  applied  and  the  beam 
deflects  the  slope  of  the  beam  is  measured  in  degrees  by  an 
inclinometer  fixed  to  the  beam. 

Two  extruded  rubber  cylinders,  5  ft.  x  5  in.  (OD)  x  2.5  in. 
(ID)  of  ASTM  D-2000  grade  rubber  were  purchased.  The  test 
cylinders  were  machined  to  outside  diameters  varying  from 
5  to  2.75  inches.  Ratios  of  length  to  outside  diameter  were 
independently  established  at  2:1,  1:1,  and  jil.  This  was 
accomplished  by  varying  the  insertion  depth  of  the  upper 
attachment  fixture  of  the  test  apparatus.  Appendix  G  is  the 
tabular  presentation  of  the  results. 

Figures  15a  through  15f  is  a  series  of  photographs  depicting 
the  progressive  deformation  of  the  flexure  joint  as  increasing 
load  is  applied.  It  is  evident  that  up  to  a  certain  angular 
deflection  (Figure  15c)  the  geometry  of  the  system  remains 
circular.  At  a  certain  point  the  rubber  cylindrical  element 
begins  to  ovalize  and  the  critical  moment  of  inertia  starts 
to  decrease.  This  is  shortly  followed  by  complete  geometric 
failure  and  extremely  large  angular  deflections  (Figure  15f) . 

The  details  of  the  experimental  variables  and  pertinent 
physical  dimensions  are  presented  in  Figure  16. 

C.  DISCUSSION 

In  evaluating  the  experimental  results  and  comparing 
them  to  the  results  of  the  computer  model  it  is  first 
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Figure  15(e)  Figure  15(f) 


necessary  to  review  possible  avenues  by  which  error  may 
influence  the  outcome. 

In  the  experimental  model,  two  significant  areas  appear 
to  introduce  error.  First,  wall  thickness  variations  of 
the  test  samples  and  second,  creep  of  the  material  throu^^ 
the  attachment  or  clamping  mechanism. 

The  extruded  rubber  cylinders  purchased  for  the  experiment 
have  a  ±10%  wall  thickness  tolercuice.  This  corresponds  to 
existing  riobber  industry  standards  for  extruded  geometries. 

The  test  samples  were  machined  from  these  standard  units. 

The  machining  operation  and  the  available  quality  of  the  final 
surface  cuts  did  not  allow  for  precise  control  of  the  rubber 
sleeve  wall  thickness.  For  the  thinner  wall  sections,  i.e., 
1/8  inch,  the  final  cut  roughness  may  have  introduced  varia* 
tions  on  the  wall  thickness  of  up  to  10%.  In  the  thicker 
section  samples  this  variation  would  have  decreased. 

The  second  probable  source  of  error  appears  to  have  been 
the  rubber  test  jig  attachment  point.  The  fastening  system 
used  to  secure  the  loaded  mon^nt  arm  inside  the  test  section 
and  to  fix  the  bottom  end  of  the  unit  utilized  9/16  inch 
stainless  steel  hose  clamps.  As  the  test  section  was  de¬ 
flected  by  the  applied  load,  up  through  lO^-lS”  no  appreciable 
creep  through  the  clamps  was  noticed.  This  was  confirmed  by 
releasing  the  load  and  allowing  the  test  material  to  regain 
its  original  position.  Beyond  10®-15“  inclination,  creep 
through  the  cleunp  introduced  as  much  as  7”  residual  inclina¬ 
tion  with  respect  to  the  original  unloaded  case.  This  error 


became  more  pronounced  as  the  wall  thickness  was  increased. 
Thus,  on  this  basis,  deflections  at  the  very  high  ^ulgles 
are  not  likely  to  be  very  reliable.  This  may  not  pose  a 
serious  problem  in  the  design  phase  as  at  this  level  of 
deflection  the  rubber  cylinder  has  buckled  and  other,  more 
drastic,  phenomena  are  involved. 

In  the  case  of  the  ADINA  modeling,  two  possible  sources 
of  error  exist.  In  the  first  instance  there  are  inherent 
limitations  in  the  formulation  of  the  ADINA  program.  While 
ADINA  program  is  structured  for  "rubber"  type  materials,  it 
is  limited  to  2-dimensional  plane  stress  problems  only.  In 
order  to  model  the  test  section,  a  3-dimensional  circular 
beam  element  was  used  in  conjunction  with  an  elastic-plastic 
material  model.  The  choice  of  these  two  options  was  the 
closest  available  combination  of  models  to  the  actual 
conditions. 

As  a  result  it  is  expected  that  ADINA  will  yield  realis¬ 
tic  results  up  to  10®  or  15®  of  beam  deflection.  Beyond  this 
point  the  material  is  part  the  reuige  of  validity  of  the  com¬ 
puter's  material  properties. 

The  second  source  of  error  arises  as  a  result  of  the 
aspect  ratio  (length/diameter)  of  the  structural  member. 

The  computer  models  a  cantilever  beam.  As  such  the  implied 
limiting  length/diameter  ratio  is  ideally  in  the  range  of 
10:1.  The  actual  geometry  of  the  cylinder  in  question  has  a 
maximum  length/diameter  ratio  of  2:1  and  more  closely  resem¬ 
bles  a  short  stubby  beam  than  a  long  cantilever. 
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Figure  17  presents  the  results  of  a  typical  output  from 
the  ADINA  program.  It  is  observed  that  as  the  D/d  increases, 
in  the  case  of  increasing  wall  thickness,  the  slope  of  the 
moment  vs.  deflection  curves  decreases.  It  is  also  seen  that 
as  the  length/diameter  ratio  L/D  increases  the  initial  stiff¬ 
ness  decreases.  These  trends  are  as  one  would  expect.  How¬ 
ever,  the  key  observation  to  be  made  is  that  the  ADINA  program 
does  not  predict  the  “snap-over"  behavior  expected  in  large 
deflection. 

The  experimental  test  program  is  summarized  in  Figure  18. 

In  all  cases  progressive  loading  was  maintained  to  deflec¬ 
tions  in  excess  of  40".  For  the  thin  wall  geometries,  i.e.. 

D/d  ~  1:1  to  1:1.26  there  was  a  definite  "snap-over"  phenomenon 
observed.  This  trend  was  not  evident  for  relative  thick 
walled  cylinders,  i.e.,  greater  tham  1:1.26.  The  system 
continued  to  deflect  without  any  evidence  of  discontinuity. 

In  the  case  of  small  L/D  ratios ,  approximately  . 5 ,  the 
flexure  system  developed  a  "lockup"  characteristic.  This  is 
best  described  with  the  aid  of  Figure  19.  As  the  system  is 
loaded,  inside  edges  of  the  sample  holder  pinch  the  sample 
material.  The  outside  edges  are  furthest  apart  and  place 
the  S€unple  material  in  tension.  Beyond  this  point  deflection 
of  the  system  is  “locked  up". 

It  is  thus  apparent  that  the  flexure  geometry  that  will 
exhibit  the  desirable  characteristics  will  involve  relatively 
thin  walls,  (D/d)  near  unity,  and  have  length/diameter 
ratios,  (L/D),  in  excess  of  1:1. 


Figure  17.  AOINA  Output 


Figure  18.  Experimental  Test  Data 


Figure  20  depicts  a  comparison  between  the  ADINA  theoreti 
cal  results  and  the  experimental  test  on  a  sample  where 
D/d  =  1.26,  and  L/D  =  2.  Excellent  agreement  is  evident 
through  a  deflection  of  10®.  Past  this  point  the  trends 
diverge.  Three  distinct  zones  are  evident  in  the  experi¬ 
mental  results.  The  first,  the  small  deflection  zone  is 
consistent  with  the  AOINA  predictions  for  all  geometries. 

The  second  zone  involves  a  change  in  the  moment/deflection 
curve  slope  but  the  geometry  is  still  relatively  axisymmetric 
The  third  zone  involves  a  rapid  geometric  adjustment  which 
in  turn  results  in  large  deflection. 

It  appears  that  the  change  of  the  characteristic  slope 
in  Zone  II  is  the  result  of  incipient  buckling.  It  is  diffi¬ 
cult  to  precisely  identify  amd  explain  the  behavior  in  this 
phase  as  the  geometry  is  continually  adjusting  and  in  fact 
different  sections  of  the  rubber  material  may  be  in  either 
the  elastic  or  plastic  ranges. 

In  the  completely  collapsed  mode,  illustrated  in  Figure 
21,  the  geometry  has  adjusted  such  that  the  circumferential 
walls  fold  over  and  form  a  nominal  rectangular  cross  section. 
The  width  of  this  section  is  itD/2  and  the  thickness  is  2t, 
where  t  is  the  original  tube  wall  thickness.  In  the  fully 
deflected  range,  i.e.,  high  a,  the  element  will  fail  in  the 
buckling  mode.  Figure  22  depicts  both  initial  bending  and 
buckled  geometry. 


Zone  III 


VI.  DESIGN  SYNTHESIS 


The  synthesis  of  the  final  configuration  involved  the 
trade  offs  of  a  large  number  of  variables.  Some  of  these 
were  quite  straightforward  and  quantifiable  while  others 
tended  to  be  qualitative  in  nature  and  difficult  to  define. 

Additional  constraints  were  placed  on  the  project  by 
the  U.S.  Coast  Guard  that  were  more  operational  in  nature. 

These  include: 

a)  Installation,  maintenemce,  and  removal  of  the  CoTo 
marker  system  must  be  accomplished  without  the  use  of  divers 
or  sophisticated  underwater  instrumentation. 

b)  The  proposed  CoTo  system  must  not  impose  serious 
departures  from  present  practices  of  pile  fabrication  and 
installation. 

c)  The  proposed  CoTo  system  must  fit  within  the  capability 
of  existing  vessels  and  service  platforms  and  must  not  re¬ 
quire  highly  specialized  handling  and  tooling  equipment. 

In  review  of  the  operational  requirements  of  the  CoTo 
marker  system: 

a)  Maintain  vertical  orientation  with  ±15  degrees  under 
specified  environmental  (wind  and  current)  loading  conditions. 

b)  Fold  or  "snap-over"  when  greater  loads  (such  as 
vessel  collision)  are  applied. 

c)  Regain  vertical  orientation  within  ±15  degrees  when 
collision  loads  are  removed. 
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Thus  there  are  two  separate  key  loading  conditions;  the 
environmental  loads  which  must  be  countered  by  the  flexure 
joint  reaction  and  the  collision  loads  that  result  in  the 
snap-over  action  of  the  system.  In  the  case  of  the  environ¬ 
mental  loads  a  worst  case  design  philosophy  is  followed.  It 
is  assisned  that  the  current  and  wind  loads  will  act  in  the 
same  direction  auid  have  maximum  values.  For  this  situation 
to  arise  on  site  would  require  that  all  current,  wind,  and 
frontal  orientation  of  the  navigation  marker  be  all  in  the 
same  direction;  a  highly  unlikely  circumstance. 

A.  ENVIRONMENTAL  LOADS 

1.  Current  Loads 

It  was  observed  from  Equation  2  that  the  piling  loads 

due  to  the  current  are  directly  proportional  to  the  piling 

diameter  and  increase  as  the  square  of  the  piling  length 
2 

(L  ) .  In  order  to  minimize  the  loads  on  the  rubber  flexure 
system  it  would  be  desirable  to  have  a  minimum  diameter  and 
minimum  length  for  the  section  of  the  piling  above  the  flexure 
joint. 

2 .  Wind  Loads 

The  wind  loads  and  the  resulting  moments  generated 
on  the  flexure  element  eure  essentially  constant.  Variation 
in  the  worst  case  moment  depends  only  on  the  physical  distance 
between  the  nav  marker  proper  and  the  flexure  point. 

From  these  considerations  it  is  evident  that  the 
flexure  point  itself  be  located  as  near  the  surface  as  possible. 
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The  piling  diameter  above  the  flexure  should  be  as  small  as 
possible  consistent  with  other  loading  conditions,  i.e., 
top-side  system  weight.  On  the  other  hand,  the  flexure  point 
must  be  deep  enough  to  clear  the  draft  of  the  marine  traffic. 

B.  DESIGN  IMPLEMENTATION 

In  order  to  incorporate  the  correlations  between  the  ex¬ 
perimental  and  2malytical  data  into  a  full  scale  model  many 
variables  must  be  fixed.  Appendix  H  contains  detailed  calcu¬ 
lations  concerning  the  sizing  of  a  large  flexure  element. 

The  process  is  summarized  here. 

a)  Cnee  a  flexure  type  navigational  marker  has  been 
chosen  to  be  installed  in  a  particular  area,  the  geographic 
and  environmental  parameters  must  be  set,  i.e.,  current  and 
wind  speeds  to  be  expected,  maximum  and  minimum  water  levels, 
soil  type  and  pile  driving  conditions,  and  local  marine 
traffic  patterns. 

b)  The  type  of  navigational  package  to  be  supported  by 
the  structure  will  dictate  piling  size  eJsove  the  flexure 
element. 

c)  Based  on  loading  conditions  and  size  of  piling  to  be 
used,  the  total  moment  is  calculated  using  Appendices  A  and 
B. 

d)  Using  Equation  17  [Ref.  2,  P.  269] 


apply  the  critical  values  of  a  obtained  from  Appendix  G, 
which  correspond  to  certain  critical  levels  of  deflection, 
and  knowing  approximately  what  outside  diameters  are  commer¬ 
cially  available,  solve  Equation  17  for  the  critical  inside 
diameter  d.  In  order  to  maintain  the  desired  snap- through 
action,  the  D  to  d  ratio  of  the  larger  scale  element  should 
approach  those  of  the  experimental  model. 

Because  of  the  addition  of  the  flexure  element  in  the 
piling  system,  the  traditional  driving  sequence  must  be 
altered  to  accommodate  the  piling  modification.  Although 
many  methods  to  accomplish  the  task  exist.  Figure  23  pre¬ 
sents  one  method  if  utilized,  after  the  initial  driving 
sequence,  if  the  marker  needs  to  be  changed,  repaired,  or 
removed  no  further  use  of  a  pile  driver  and  its  associated 
support  equipment  are  required.  First,  an  18  inch  steel 
pipe,  acting  as  the  male  couple,  is  driven  to  the  desired 
depth  in  the  soil.  A  guide  line  can  be  attached  to  this 
fitting  to  help  position  the  female  coupling.  The  female 
coupling,  with  the  flexure  element  and  support  piling  at¬ 
tached,  is  lowered  and  mounted  on  its  male  counterpart  using 
ship's  handling  equipment.  Once  the  flexure  element  and 
support  piling  are  in  place,  the  navigational  package  is 
installed.  As  indicated,  if  the  structure  is  damaged  or 
needs  replacement  for  any  reason,  the  flexure  element  euid 
support  piling  need  only  be  pulled  off  the  male  coupling, 
repaired  or  replaced,  then  lowered  back  in  its  position. 


C.  COST  DIFP!*  ySNTIAL 

Because  of  the  addition  of  a  large  flexure  element  and 
associated  attadiinent  flanges,  the  material  and  in-house 
fabrication  cost  will  be  higher  than  the  present  system 
costs.  It  should  be  expected  that  initial  installation  will 
require  more  on-site  time  to  position  the  male  coupling  and 
set  the  flexure  element  and  navigational  package  in  place. 

It  is  anticipated  though,  that  the  increased  survivability 
will,  when  compared  to  the  standard  system,  make  the  addition 
of  the  flexure  element  a  cost  effective  modification. 

Figure  24  compares  initial  costs  euid  life  cycle  costs  through 
one  collision  of  the  standard  system  to  the  flexible  system. 
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Figure  24.  Cost  Comparison 


VII .  CONCLUSIONS 


In  exploring  the  feasibility  of  the  CoTo  fixed  naviga¬ 
tional  system  an  experimental  model  test  program  was  used 
in  an  attempt  to  validate  the  results  of  a  computer  gener¬ 
ated  model  under  simulated  environmental  loadings.  The 
results  were  very  encouraging.  It  was  found  that  good 
correlation  between  experimental  model  and  computer  model 
was  achieved  from  0  through  10-15  degrees  of  deflection. 
Beyond  this  range,  for  reasons  enumerated  within  this 
paper,  correlation  was  poor.  It  was  determined  that  the 
results  of  the  computer  analysis  could  be  used  to  predict 
deflections  of  the  full  scale  model  under  the  influence 
of  the  environmental  loads. 

Model  testing  has  identified  the  D/d  ratios  ccupled 
with  the  proper  L/D  ratio  which  allows  for  the  desired  "snap 
through"  behavior.  Angles  of  rotation  at  which  the  "snap 
through"  occurs  were  also  discovered  through  the  experimen¬ 
tal  model  tests.  Computer  analysis  was  of  little  value  be¬ 
yond  the  15  degrees  rotation  because  of  the  large  divergence 
of  the  data  and  therefore  will  not  be  used  to  determine  the 
"snap  through"  phenomenon  when  the  element  is  scaled  larger. 

A.  AREAS  FOR  FURTHER  STUDY 

As  this  work  has  dealt  only  with  the  "static"  effect  of 
the  calculated  environmental  loads,  no  insight  was  gained 


into  the  dynamic  impact  loading  of  this  flexible  structure. 
It  is  recommended  that  a  full  scale  model  be  built  and  a 
series  of  impact  tests  be  developed  and  implemented  to 
determine  the  impact  reaction  of  the  flexure  system. 

As  indicated  in  this  study,  as  the  "snap  through"  occurs 
and  the  local  buckling,  generated  by  the  collapse  of  the 
section  of  rubber,  begins,  new  dimensions  are  being  created 
for  the  changing  cross  section.  When  this  process  is  com¬ 
plete,  the  resulting  stresses  and  strains  in  this  section 
are  very  hard  to  accurately  calculate.  In  turn,  the  calcu¬ 
lation  of  the  righting  moment  based  on  the  newly  formed 
cross  section  and  resulting  moment  of  inertia  becomes  very 
error  proned-.  It  is  therefore  recommended  that  full  scale 
tests  be  conducted  in  conjunction  with  the  impacting  test 
to  determine  the  systems  reaction  to  the  complete  heel  over 
of  the  marker's  structure. 

Any  modification  of  the  traditional  pile  driving  se¬ 
quence  creates  problems  that  cannot  always  be  foreseen  at 
the  system  analysis  level.  It  would  best  serve  the  imple¬ 
mentation  of  this  system  to  allow  the  alternate  pile  driving 
scheme  to  be  reviewed  by  the  crews  of  the  tenders  with 
experience  in  handling  such  cumbersome  tasks. 
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INTRODUCTION 

RubtMf  has  saveral  propartias  which  makas  it  an 
ideal  material  (or  use  in  dock  (andenng  systems. 
K  is  an  elastic  material  which  will  undergo  a  defor¬ 
mation  under  load,  will  absorb  some  of  the  energy 
of  impact  and  wiU  return  to  its  original  shape  when 
the  force  is  removed.  Rubber  fenders,  for  all  prac¬ 
tical  purposes,  are  considered  to  be  maintenance 
free.  Their  large  bulk  combined  with  modem  com¬ 
pounding  techniques  make  the  fenders  almost 
impervious  to  the  effects  of  weather,  sunlight, 
ozone,  and  salt  water.  The  large  variety  in  types  of 
fenders  available  today  and  the  many  different 
ways  they  can  be  installed  gives  the  designer  a 
great  deal  of  freedom  m  designing  a  fendi>Ting 
system. 

Rubber  is  a  member  of  a  class  of  materials  de¬ 
scribed  as  high  molecular  weight  polymers:  other 
members  of  this  class  being  wood,  cellulose,  plas¬ 
ties.  and  resins.  The  distinguishing  characteristic 
of  rubber  is  that  the  malecuiar  chains  are  more 
flexible  and  become  elastic  when  cross-linked 
through  the  vulcanizatioh  process.  The  greater  the 
number  of  crossNhks  in  the  network,  the  greater 
will  be  the  resistance  to  deformation  when  a  force 
Is  applied.  Reinforcing  fillers  such  as  carbon  black 
when  added  to  the  rubber  will  further  increase  the 
resistance  to  deformation. 


figurations  to  satisfy  the  requirements  of  a  variety 
of  applications. 


ENVIRONMENTAL  EFFECTS 
As  a  lender,  rubber  will  be  exposed  to  the  ef¬ 
fects  of  sunlight,  oxygen,  ozone,  temperature 
variations  and  salt  water  and.  in  some  cases,  to 
me  additional  effects  of  industrial  chemicals. 

Black  rubber  fenders  are  effectively  protected 
from  deterioration  by  sunlight  because  the  carbon 
black  fillers  clock  out  the  ultraviolet  radiation.  Light 
colored  lenders  are  more  susceptible  to  oxioation 
mat  is  initiated  by  ultraviolet  radiation.  Elevated 
temperatures  will  accelerate  the  degradativa  attack 
by  bom  oxygen  and  ozone.  There  are  some  factors 
which  will  minimize  these  effects. 


Hardness  measurements  are  one  of  the  basic 
methods  used  to  characterize  rubbers.  It  is  essen¬ 
tially  a  measurement  of  the  degree  of  elastic  de¬ 
formation  produced  by  a  specially  shaped  indentor 
under  a  specified  load  and  is.  therefore,  related  to 
me  Young's  modulus  of  the  rubber.  Tensile  stress- 
strain  properties  are  another  method  used  to 
characterize  rubbers  and  are  used  frequently  for 
specifications  and  quality  control  during  manufac¬ 
ture.  The  load-deflection  curves  for  rubber  in  ten¬ 
sion  and  compression  are  approximately  linear  for 
strains  of  the  order  of  a  few  percent  and  values  for 
Young's  modulus  E,  can  oe  obtained  from  these 
linear  regions. 

Although  an  elastic  material,  rubber  is  con¬ 
sidered  to  be  almost  imcompressibla  with  a  mod¬ 
ulus  of  bulk  compression  similar  to  that  of  water. 
In  order  to  act  as  a  soft  spring  m  compression,  the 
rubber  fenders  must  be  given  the  opportunity  to 
bulge  laterally.  Fender  shape  must  accommodate 
me  movement,  resulting  m  different  physical  con- 


First,  protective  agents  are  incorporated  in  the 
rubber  formulations.  Second,  the  fenders  are  not 
subiected  to  an  environment  of  elevated  tempera¬ 
tures.  Third,  oxidative  attack  can  take  place  only 
on  the  surface  of  ihe  rubber  and,  because  of  the 
large  cross-section  of  rubber  in  these  fenders,  the 
overall  effect  is  negligible. 

Ozone  attack  of  rubber  is  becoming  a  matter  of 
increasing  concern  as  concentrations  of  ozone 
in  the  atmosphere  appear  to  be  increasing  each 
year,  it  requires  only  a  concentration  of  a  few  parts 
per  hundred  million  of  ozone  to  crack  unprotected 
rubber  in  a  matter  of  weeks.  However,  there  are 
some  characteristics  of  ozone  attack  which  again 
make  its  effect  on  fenders  negligible.  A  certain 
minimum  tensile  strain  is  required  before  ozone 
cracks  will  appear.  This  minimum  strain  :s  about 
to  to  20%.  the  cracks  forming  perpendicular  to  the 
direction  of  strain.  In  compression,  the  rate  of 
ozone  attack  is  slower  by  the  order  of  a  hundred 
times  than  when  in  tension.  Again,  ozone  attack  is 
a  surface  problem  and  will  nave  drastic  effects  on 
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Mn  cross-sections  and  almost  no  atfact  on  largo 
cross-soctions. 

Soma  typos  of  rubber  such  as  "EPOM"  and 
“Butyl"  are  inherently  resistant  to  attack  by  ozone. 
Other  rubbers  commonly  used  m  fenders  such  as 
“Natural"  rubber  and  “SBR"  will  require  the  use 
of  protective  materials  in  'he  formulation  m  addition 
to  the  careful  design  of  the  part  to  minimize  areas 
that  will  be  subiected  to  tensile  strain. 

Fresh  or  salt  water  will  not  nave  any  detrimental 
effect  on  the  rubber  even  it  the  fenders  are  to  be 
immersed  for  long  periods  of  time.  Hydrocarbon 


liquids  such  as  oils,  solvents,  and  fuels  will  seri¬ 
ously  degrade  rubber  fenders.  However,  an  occa¬ 
sional  spiM  viill  not  be  harmful  because  the  amount 
of  liquid  absorbed  is  proportional  to  the  square 
root  of  the  time  the  liquid  is  in  contact  with  the 
rubber. 

In  terms  of  resistance  to  chemicals,  rubber  is 
considered  to  be  inert  in  most  instances,  it  is  re¬ 
sistant  to  salts  and  alkalies  and  most  acids,  the 
exceptions  being  concentrated  sulfuric,  nitnc  and 
chromic  acids. 


ELASTOMER  PROPERTIES  CHART 
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DESIGN 


Motm  nwnufacturars  thrM  bMic  typM  ot  f«n- 
d«r«;  •xtruflions.  Duckling  fenders  end  shear  ten¬ 
ders. 

Extruded  tenders  will  normally  have  cross- 
eectlona  that  are  either  cylindrical,  rectangular  or 
triangular;  each  having  a  hollow  bore  to  increase 
the  detiaction  tor  a  given  load. 


When  a  curved  surface  of  a  rubber  fender  is 
compressed  against  a  rigid  plane,  the  stiffness  gen- 
araOy  increases  as  the  area  ot  contact  increases 
duririg  deformation.  The  load-deflection  charac- 
lariatica  then  are  non-imear.  For  a  hollow  section 
there  is  a  sharp  increase  in  stiffness  as  soon  as 
the  amount  of  deflection  equals  the  diameter  of  the 
bore. 

Extruded  fenders  work  well  m  applications  where 
the  loads  to  be  absorbed  are  not  so  large  that  the 
required  deflection  exceeds  the  fender  s  capability. 
They  also  are  ideal  for  rub  rails  on  line  hulls,  docks 
and  concrete  walls  to  prevent  damage  by  scraping. 
A  typical  load-deflection  curve  for  a  cylindrical  ex- 
Iru^n  is  shown  below. 


The  characteristics  of  the  buckling  fender  are 
that  it  requires  a  relatively  large  load  to  initiate  any 
deflection  and  only  a  small  additional  load  to  col¬ 
lapse  the  fender  to  full  deflection.  After  the  fender 
is  collapsed,  any  further  deflection  will  require  a 
sharp  increase  m  the  load.  The  fenders  are  de¬ 
signed  to  buckle  in  a  predetermined  direction.  The 
buckling  fender  then  can  provide  a  so-caiied  "soft" 
tendering  system  for  large  loads  by  absorbing  large 
amounts  of  energy  at  a  given  deflection  compared 
to  lenders  used  m  compression.  Buckling  fenders 
must  be  restrained  from  undergoing  lateral  move¬ 
ment  in  operation  as  it  will  reduce  their  effective¬ 
ness.  Below  IS  a  typical  curve  for  a  buckling 
fonder. 


Shear  lenders  consist  of  rectangular  blocks  of 
rubber  bonded  to  steel  end  plates  and  are  de¬ 
signed  to  react  to  loads  in  shear. 


The  "buckling"  fender  has  several  advantages 
over  the  extruded  type  of  tendering,  it  is  based  on 
a  buckling  column  principal  and  is  basically  a 
molded  column  of  rubber  bonded  to  steel  end 
plates. 


In  addition  to  providing  a  "soft"  fendering  sys¬ 
tem  such  as  the  buckling  lender,  shear  fenders 
have  some  definite  advantages  over  buckling  fen¬ 
ders.  The  deflection  ot  a  shear  fender  is  not  limited 
to  one  direction:  therefore,  the  designer  need  not 
be  concerned  with  restricting  those  forces  mat  are 
not  normal  to  the  dock.  The  snear  tender  will  ac¬ 
commodate  loads  not  normal  to  the  dock  and  can 
even  function  when  in  torsion  or  compression,  if  a 
deflection  greater  than  the  design  limits  of  me  in¬ 
dividual  shear  lander  is  required,  it  can  be  obtained 
by  bolting  two  or  more  fenders  together.  The 
typical  load-deflection  curve  tor  a  shear  fender  is 
linear  which  illustrates  that  a  shear  fender  does  not 
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•xiiibit  a  suddan  raststanca  to  additional  load  as 
happans  with  axtrudad  fandars  and  buckling  col¬ 
umns  (compara  tha  raprasantativa  dafiaction 
curvas). 


CALCULATIONS 

Whan  a  fandar  system  is  to  ba  designed,  it  wiH 
usually  tall  into  one  of  three  general  categories: 

1.  It  can  be  an  existing  dock  that  is  to  be  im¬ 
proved  and  upgraded  to  more  modern 
standards. 


2.  It  could  ba  a  new  or  existing  facility  that  is 
strong  enough  that  horizontal  docking  forces 
on  it  are  secondary  to  vassal  hull  reaction 
force  limits. 

3.  II  could  ba  a  new  facility,  open  dock  or  dol¬ 
phin.  built  on  jacketed  piles  and  requiring 
tha  most  efficient  and  economical  fendering 
syalom  poasibla  to  provide  dockmg  for  large 

vassals. 


Although  tha  formulas  used  are  the  same  in  each 
ease,  the  values  assigned  and  the  unknowns  cal¬ 
culated  from  these  assignments  will  require  careful 
avaluation  to  determine  priorities  in  each  individual 
case. 

To  insure  that  tha  key  factors  are  taken  into  ac¬ 
count.  a  table  Nsting  pertinent  items  is  included. 
It  should  ba  filled  out  as  completely  and  accurately 
as  possibla  as  the  first  step  in  design. 


ITEM 

UNITS 

VALUE 

OTHER  UNITS 

NOMOGRAPH 

VESSEU  DISPLACEMENT 

LONG  TNl 

KIPS(U3.TNS.x2.24) 

4 

VESSEL  LENGTH 

FEET 

METERS (FT.x  .30S) 

2 

VESSEL  BEAM 

FEET 

METERS  ( FT.  X  JOS) 

1 

VESSEL  DRAFT 

FEET 

METERS(FT.xJ05) 

t  *2 

allowable  hull  reaction 

Kl  PS 

MET.TN  (KIPS X. 453) 

allowable  dock  reaction 

Kl  PS 

MET.TN.IKlPSx.4S3) 

APPROACH  VELOCITY-MAX.  Vp 

FT / SEC 

MET/SEC  IFTSECx  JOS 

3 

APPROACH  angle  or 

DEGREES 

NONE 

3 

CCEFFICIENT  OF  ECCENTRICITY 

NONE 

USUALLY  as 

BERTHING  COEFF 

ITEM 

FENDER  SELECTION  CHART  | 

1 

MAX.  REACTION  (FROM  TABLE  1  ) 
LOWEST  REACTION -HULL  OR  DOCK 

KIPS 

2 

calculated  ENERGY  "E" 

(  FROM  nomograph  Nl  4  ) 

FT  KIPS 

3 

DESIGN  MAX.  1  - 

KIPS/FT  KIP 

4 

preliminary  FENDER  SELECTION 

5 

R/E  OF  FENDER  (FROM  FENDER  APR. 
CURVE  AT  DESIGN  deflection) 

6 

LOAO-R"  OF  FENDER  AT  DESIGN  OEF 
(FROM  APR  CURVE)  X|RS 

7 

ENERGY  "e-  OF  FENDER  AT  DESIGN  DEF. 
(FROM  APP  CURVE)  F-  kiPS 

8 

quantity  of  fenoers  recto  TO  meet 

THE  LOAD  t  ITEMI  / 'TEM  S 

9 

quantity  OF  FENOERS  RECTO.  TO  MEET 
ENERGY  ABSORPTION! ITEM2 /ITEM 7 
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Th*  Mtic  ancrgy  formula  as  atatod  by  Nawton  is: 

£--A#V* 

2 

e  -Enargy  of  a  body  (vassal)  in  motion 
M  •  Mass  "  WaighI  /  Gravity  Constant 
V  >  Vatocity  of  tha  body  in  motion 
This  formula  has  baan  modifiad  to  inchida  tha 
following  factors  in  dock  dasign: 

A.  Vassal  dispiacamant  caicuiatad  and  con- 
vartad  to  units  of  mass  (AO 
8.  Hydrodynamic  affact  of  water  moving  with 
tha  vassal  and  pushing  it  (Two  mathods  out* 
Hnad) 

C.  Valocity  componant  at  90*  to  tha  dock 
facility 

0.  Coafficiant  of  accantricity  or  berthing  coef¬ 
ficient 

E.  Coefficient  of  facility  construction 
Tha  working  formula  tharafora  becomes:  - 
E-^(!!^)(v„)'(Ce)(Cc) 

Hff  -  Wy  +  Wg  -f 

Where  £  >  Energy  to  be  absorbed  by  tha 
fandanng 

Wf  «  Total  affective  dispiacamant 
(converted  to  Kips) 

Wym  Weight  of  tha  light  vassal  (con¬ 
verted  to  Kips) 

Wq  ■  Vassals  cargo  weight  DWT  (con¬ 
verted  to  Kips) 
m  Hydrodynamic  effect 
g  •  Gravitational  constant 
Vf,  •'Velocity  of  vassal  normal  to  tha 
dock 

Cg  •  Coafficiant  of  eccentricity  or 
berthing  coafficiant 

Cq  •  Coafficiant  of  facility  construc¬ 
tion 

Note:  1  Kip  •!  000  pounds 

Oatarmina  the  total  mass  M:  tha  mass  of  the 
empty  vassal  plus  tha  mass  of  tha  cargo  plus  tha 
hydrodynamic  mass. 

A#  -  — 

9 

Wf  is  tha  total  effective  dispiacamant  converted 
to  Kips.  It  can  be  determined  by  either  of  two 
mathods: 

1.  Vl/f -Wy Wq 


V 


Wff  tha  hydrodynamic  effect,  describes  the  dis¬ 
placement  of  water  moving  with  the  vassal.  A 
method  for  approximating  the  hydrodynamic  effect 
is  to  assume  a  cylinder  of  water  moving  with  tha 
vaasai  that  «  equal  in  length  to  tha  vassal  and  of  a 
diamatar  equal  to  the  vessel's  draft.  Nomograph 
a  1  will  give  a  ready  rafaranca  solution  to  tha 
formula: 

L  A 

Where  P  is  the  density  of  water 


yryiNp?!*  T.s^Hrtiqv,t 


CQUIV. 

WATER 

COUJHN 

WEIGHT 


VESSEL 

LENGTH 

230G*.700 

2200- 
21 OG"**® 

*»o^-soo 

1900- 

1SOO->SSO 

1SOf>-~» 

1900-^90 

1400- 

130G  -400 
120G., 

1100-  ' 
lOOG  >300 
900- 

•00-  *90 

TOG 

SOG**®^ 

_90G490!!? 


kSGO 


Wy  is  the  weight  of  the  vassal  light  or  empty. 
Tha  maximum  value  tO’’  tha  class  of  vessel  to  be 
docked  at  tha  facility  should  be  used.  Usually  ex¬ 
pressed  in  long  tons,  or  metric  tons,  this  value 
should  be  added  to  Wq  which  «  tha  DWT  (Dead 
weight  tons)  of  cargo  tha  vassal  is  designed  to 
carry.  Sinca  all  units  in  this  guide  refer  to  Kips  or 
metric  tons,  long  tons  must  be  converted  to  Kips 
by  muHiplylng  by  2.24 
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An  aUnmatn  m«lhod  for  dotormining  Wj.  tho 
total  affactiva  diaplaeamant.  «: 

2.  Wt  -  0  +  ^  (WV  +  I^C) 

>  — )tsth«hydrodynamicco«(fCMni 
B 

and 

O*  Draft  of  tha  vaatai 

B  *  Baam  of  tha  vaasai 

Sinca  O  and  8  hava  tha  same  units,  tha  coatfi- 
eianl  is  dimansioniass  and  can  ba  usad  with  any 
units  of  waight.  Usa  of  Nomograph  a2  is  con- 
vaniant  for  datarmination  of  this  coafficiant  and  has 
O  and  B  in  both  fast  and  matars. 


V.  costa  TeCHNIQlIt 
VCSSIU  VCSStC 


A  third  school  of  thought  states  that  WH  naad 
not  ba  considarad  with  opan  dock  construction. 
Alonzo  Oa  f.  Quinn  in  his  book  Oasign  and  Con¬ 
struction  of  Porta  and  Manna  Structuras  (2nd  ad. 
Paga  3S4)  states  "Whan  tha  vassal  «  berthing 
against  an  opan  pier  or  doipnms  on  piles  where 
there  is  littia  obstruction  to  tha  water  moving  with 
tha  ship  —  additional  weight  may  ba  disregarded.  " 
Maas  is  datarminad  by  dividing  tha  total  aquiv- 
alant  weight  WT  by  the  gravitational  constant 
g  •  32.2  ft.  par  sac.'  lor  English  units 
g  -4.314  matars  par  sac.'  for  matne  units 
V.:  Tha  valocity  normal,  or  at  a  right  angla  to  tha 
dock  *aca  or  braastmg  iina  m  tha  casa  of  dot* 
phins,  IS  tha  only  velocity  cemponant  usad  m  cal¬ 
culating  tha  barthing  anargy  load  V-  is  furthar  da- 
finad  and  illustrated  in  tha  sketch  below  Evan 
though  tha  vassal  may  dock  under  its  own  power 
or  ba  tug  asaistad,  V,  is  always  tha  vector  90’  to 
tha  dock.  Nomograpn  No.  3  gives  values  of  v.  m 
both  feat  par  second  and  matars  par  second  for 
approach  angles  up  to  30’. 


APPROACH  PORIMMO 

VCUOCITY  VELOCITY 
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K,  -  v;  stn  a 

Where:  “  Velocity  of  the  vessel  relative  to  me  dock 
Or «  An^le  between  V,  and  the  dock  face  (90”  or  less) 
called  me  approach  angle 


eiipse  (K  «  L/4) 
Vessels  approx. 


When  a  vessel  docks  under  it's  own  power. 

^  >  Vessel  Heading  and  6t  is  approximately  aqual 
to  me  heading  angle 


.Cl 


To  calculate  A.  the  point  of  contact  with  the 
dock  must  be  determined  and  me  beam  of  the  ves* 
sal  must  be  known.  Then  from  me  Pythagorean 
theorem: 

A*  •  (*)•  ^  (see  sketch  above) 


From  many  calculations  on  many  vessels,  it  has 
been  determined  that  Cf  can  be  related  to  the 
point  of  contact  with  the  dock  and  relates  as  fol¬ 
lows: 


When  a  vessel  is  tug  assisted  in  docking.  V.  « 90° 
to  me  Vessel  Heading  and  a  is  approximately  the 
compliment  of  the  heading  angle 


eg:  The  coefficient  of  eccentricity,  or  berthing 
coefficient,  as  it  is  sometimes  referred  to.  takes  into 
account  mat  the  vessel  does  not  always  berth  with 
its  longitudinal  axis  parallel  to  the  dock  face,  in 
moving  to  mis  position  from  some  angle,  the  ves¬ 
sel  rotates  about  its  center  of  gravity  (C.O.).  This 
rotation  uses  up  some  of  the  Kinetic  energy  mat 
would  otherwise  be  taken  by  the  dock  tendering 
if  the  vessel  contacted  parallel  to  the  dock  and  at 
me  midpoint  of  the  vessel.  Therefore,  if  a  vessel 
makes  initial  contact  with  a  dock  at  something 
omer  man  parallel  closing,  not  all  of  the  energy 
needs  to  be  absorbed  by  the  fenders.  The  amount 
of  attenuation  is  relative  to  the  geometry  of  the 
vessel  and  the  point  at  which  it  makes  initial  con¬ 
tact  with  me  dock.  Mathematically  expressed  as: 

<%-5^>Ar 

^  f(* 

Where  K  »  Radius  of  gyration  of  the  vessel 
A  «  Oistanca  between  me  vessel's  C.G.  and 
the  point  of  impact  with  the  dock 
If  a  vessel  can  be  assumed  to  be  an  ellipse,  then 

K  m^or  0.25L 


Energy  use  te  rotate 
^  veteei  aoout  its  C.  0. 

•lU  .2t 
in  tvrmt  Of  L 


.*L  .5t 


From  observations  of  many  dockings.  Cf  has 
been  found  to  average  0.5  and  unless  specific  in¬ 
formation  IS  known  about  docking  conditions  and 
vessel  configuration,  this  value  is  generally  accep¬ 
ted. 

Cc.  The  coefficiant  of  construction  adjusts  ms 
value  of  energy  to  be  absorbed  baaed  on  dock 
construction.  Some  typical  values  for  Cc  are  listed 


Jacket  pile  (open  construction)  - 1 .0 
Continuous  wall  or  sheet  pile-O.S 
This  coefficient  has  not  been  included  in  me  de¬ 
sign  of  Nomograph  4  (shown  on  page  8)  for  de¬ 
termination  of  berthing  energy,  therefore,  the 
designer  should  choose  a  value  using  me  above 
examples  as  guidelines  and  insert  it  into  his  final 
calculations. 
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FENDER  SELECTION 


•TW  1 

Ual  all  partinant  information  par  Tabla  I  (ano¥im  on  paga  4) 


item 

UNITS 

VALUE 

other  units 

NOMOGRAPH 

VESSEL  displacement 

LONG  TN 

ISO,fiOO  L.T. 

KIPS(U3.TNS.x2.24) 

4 

VESSEL  length 

FEET 

laOBFT. 

METERS (FT.x  .30S) 

2 

VESSEL  BEAM 

FEET 

ISO  FT. 

METERS  ( FT.  X.30S) 

1 

VESSEL  OPAfT 

FEET 

S6  FT. 

METERSCFT.  x30S) 

1  &2 

ALLOWABLE  HULL  REACTION 

Kl  PS 

lOOG  Kips 

MET. TN  (KIPS X.4S3) 

ALLOWABLE  DOCK  REACTION 

Kl  PS 

IS.0BOKips 

MET.TN.(KIPSX.453} 

APPROACH  VELOCITY-MAX.  V^ 

FT /SEC 

2.S  Fr./set 

MET/SEC  (FTSECx  JOS 

3 

APPROACH  angle  or 

DEGREES 

IQ" 

NONE 

3 

COEFFICIENT  OF  ECCENTRICITY 

NONE 

USUALLY  as 

berthing  COEFF. 

STEP  2 

Oatarmina  tha  total  banning  waight.  In  tnia  ax> 
ampla.  tna  watar  cylindar  tachniqua  wUi  ba  used  to 
datarmina  tha  additional  bartnmg  waignt  causad  by 
tna  hydrodynamic  affact.  Thus: 


Wf  -  ITv  W'c  +  P 


or 

MY  «  Olaplacamant  plua  watar  column 
Subatituting  from  Tabla  I  and  convarting  to  Kipa 
givaa: 

Wj  -  1SO.OOO  /g.  fna  X  + 

Ip.  m 

154.000  Kiioa*  -  400.000  K/pa 


*Thl8  valua  from  Nomograph  2  (shown  on  paga  6). 
using  O  and  L  (rom  Tabla  l  abova.  Nota:  All  thraa 
mathods  of  obtaining  M^T  ara  comparad  at  tha  and 
of  this  sampia  calculation. 


STEP  3 

Oatarmina  tha  normal  barthmg  valoclly 
From  Tabla  1  Vf  »  2.5  It./sac. 

From  Nomograph  3  (shown  on  paga  5),  or  using 
tha  formula  V„  •  Vf  Sin 

V„  -  .43  lt./soe.  pick 

STEP  4 

Oatarmina  tha  barthing  anargy: 

e  -  (CexCc) 

*  9 

To  datarmina  tha  iotal  banning  anargy.  valuas 
must  ba  astablishad  for  Cg  and  Cc  ^or  simplicity, 
tha  valua  of  Cf  will  ba  assumad  to  ba  O.S.  a  gan* 
araHy  accaptad  avaraga  valua  uniass  spacific  da- 
slgn  statas  otherwisa.  it  is  this  valua  that  was  usad 
in  tha  design  and  layout  of  Nomograph  4  (shown 
on  paga  8).  Cq  will  ba  taken  as  l.O.  assuming 
open  jackaled  pile  construction.  This  value  was 
also  usad  to  design  and  layout  Nomograph  4.  if 
other  than  these  valuas  ara  usad.  appropriate 
mathematical  adjustments  must  ba  made  in  tha 
valuas  obtalnac  using  Nomograph  4.  or  tha  entire 
aquation  could  ba  calculated.  Therefore,  using 
Nomograph  4.  T  -  0.43  and  iVy  -  490.000 
Kips  than  E  can  ba  datarminad  from  Nomograph  4 
to  equal: 

B  -  703  Ft.  Kips 
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STV  S 

ftotorring  to  th«  axampio  in  TaM  I  (sitown  on 
pago  4).  dotormino  tho  maximum  R/E  accaptabla. 
From  Tabio  I  it  ia  saan  that  tha  limiting  factor  is 
lha  aHowabla  hull  reaction.  That  vaiua  is  1000  Kips. 
Tharafora, 

ft  -  1000  Kips 

From  tha  pravious  atap  using  Nomograph  4;  (shown 
on  paga  10) 

£  -  703  Kips 
Tha  ratio  than  is: 

R  1000  Kips  _  4  .M  —....i....,— 


703  Kips 


>  1.42,  maximum  allowabla 


•TD»  0 

Aftar  studying  tha  R/E  curvas  tor  Morsa  fandars, 
list  all  fandar  salactions  that  maat  tha  R/E  spacifi* 
cation  of  1.42  or  lass  at  tha  dasirad  daflaction.  For 
this  axampla.  tha  ratad  daflaction  will  ba  assumad 
to  bo  tha  daaign  daflaction:  howavar,  bthar  systams 
may  ba  daaignad  to  hava  spacific  daflactions  othar 
than  tha  ratad  daflaction. 

Looking  at  tha  application  curvas  for  R/E,  tha 
foiloahng  fandars  ara  found  to  hava  suitabla  valuas: 
12*  Shaar  Fandar  33"8ucklingColumn 

14*  Shaar  Fandar  4S"  Suckling  Column 

18*  Shaar  Fandar 


STCF  7 

FiN  in  tha  fandar  saiactlon  chart. 


MAX.  REACTION  (PROM  TABLE  1  ) 
LOWEST  reaction -MULL  OR  DOCK 


CALCULATED  ENERGY  -E" 
(FROM  N0M06RAPH  NA  4  ) 


n w  c  1  r*  M  A V  ^  iT EM  1 


DESIGN  MAX.  7  > 


PRELIMINARY  FEMJER  SELECTION 


R/E  OF  FENDER  (FROM  FENDER  APR 
CURVE  AT  DESIGN  DEFLECTION) 


FENDER  SELECTION  CHART 


1000 


12  S.F. 


I.2S 


3  FT  KIPS 


I.W2  KIPS/FT  KIP 


i6“s.F.  33"B.c.ha'a.c- 


1.00  .63 


ENERGY  "E"  OF  FENDER  AT  DESIGN  DEF. 
(FROM  APR  CURVE)  ft  KIRS 


l'^■5  kips  i?  h.-ps  21.5  kip,  ai  kips 


22ft.KpJ2lft.Kp.  S'iftKp. 


60  I  SB.3  I  'Ib.S  H7.b  2b.3 


QUANTITY  OF  FENDERS  REOO.TOMEETI  7/\  T  UL  4  71  0  33  5  11  9 

ENERGY  ABSORP'riON:lTEM2/ITEM7  I  ^  I  'O.T  |  AA.U  |  II.  I 


This  Chari  allows  for  up  to  fiva  possibla  fandar  at  notad,  a  study  can  ba  mada  to  datarmina  tha 
salactions.  By  filling  in  tha  vak/as  from  Tabla  I.  bast  fendsr  for  a  spacific  nsed.  (Saa  sampia  data 
catcuiaiions.  nomographs  and  application  curvas  takan  from  the  14"  shsar  tender  application  curvas. 

Shown  bstow.) 


cmeitNCT  <M  STANOAHO  SHCAM 


Altar  tha  landar  salaction  chart  has  baan  flilad 
out.  raviaw  and  conaidar  such  quastions  as: 

A.  What  configuration  of  fendars  suits  tha  da> 
•ign? 

B.  What  safaty  factor  should  t)a  used? 

C  Hoar  arill  landar  salaction  affact  maintananca? 

0.  Ooas  tha  dasign  raquira  omnidiractional 
caoability? 

Nota:  Saa  longitudinal  fores  saction  (shoarn 
on  this  paga). 

Although  27  units  of  sfi"  buckling  column  would 
moat  tha  load  and  anargy  raquiramants.  47  units 
of  16"  shaar  fandar  would  divida  (ha  load  on  tha 
atructura  into  much  smallar  sagments  and  would 
indues  significantly  lowar  shock  as  a  reaction  to 
high  load  lavala.  This  illustration  considars  only 
part  Of  tha  variablas  normally  ancountarad  in  a  da- 
aign  problam.  Sinca  a  compiata  analysis  of  all  vari- 
atMas  is  bayond  tha  scopa  of  this  manual,  tha  da- 
signar  is  laft  to  choosa  tha  Morsa  fender  bast 
suited  to  his  dasign  raquiramants. 


ALTERNATE  METHODS  OF 
DETERMINING  TOTAL  BERTHING 
WEIGHT  (Wj) 


LONGITUDINAL  FORCES  ON  DOCK 
FACES 

As  a  vassal  stkfas  along  a  dock  face  in  berthing, 
it  induces  longitudinal  forces  due  to  friction  be¬ 
tween  tha  vassal's  hull  and  tha  dock  lace.  This 
longitudinal  force  on  tha  dock  can  be  calculated 
using  tha  formula: 

-  A*  « 

Where:  Fl  ~  Induced  lortgitudinal  force 

fi  «  Coafficiant  of  friction  between 
dock  face  and  vassal  hull 
N  •A  minimum 

In  tha  sample  calculation,  if  tha  dock  was  oak 
and  the  vassal  was  steal. 

/i  •  0.33  and  substitution  would  yield 
"  flmm 
-  .33  (1000  Kips) 

Ff^  m  330  Kips 

Assuming  this  to  act  at  a  4$  •  angle,  tha  load 
(plus  a  safety  factor)  must  be  taken  by  chains  or 
other  restraints  if  buckling  columns  are  used  or  by 
shaar  fenders  directly  without  restraints. 

Assuming  salaction  of  14"  shear  fenders,  tha 
oWiqua  load  deflection  curve  shows: 


A  Wf  »  Mfy  *  Wq  (No  hydrodynamic  affect 
considarad) 

Wf  •  Oisplacamant  >  1 50.000  ig.  tn. 


•  150,000  Ig.  in. 


(2.24  Kips) 
Ig.  tn. 


336.000  Kips 


B.  Wy  >  (Wyf  +•  Wq)  (1  +  ^)  (Vasco  (^osta 

^  Technique) 

Wj  m  oispiacamani  (i  + 

'  150 

-  150,000  Ig.  tn.  (1.75)  ^"7^ 

19.  tn. 

«  585.000  Kips 

C.  Wf  m  +  Wf; 

•  Oisplacament  W^ 

-  150.000(2.24)*  T(56)>(ioOO)(62.4)  x 

4  lUtXf  ID. 

«  489.  691  Kips 


330  Kips 
59  Fenders 


5.59  Kips  Load/Fander 


This  load  would  deflect  tha  dock  lace  7.5  inches 
according  to  tha  oblique  load  deflection  curve  for 
14”  shaar  fenders. 

Similar  evaluation  of  all  fender  selections  can  be 
made  using  tha  appropriate  curves. 


Compare  this  vakia  with  490.000  Kips  obtained 
from  Nomograph  2  (shown  on  paga  6). 

Morsa  does  not  recommend  any  one  method  of 
calculation  of  Wj  over  another. 
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THE  MORSE  SHEAR  FENDER 

Considar  how  thaae  soacial  faaturas  wiH  soiva 
dUfieult  dasign  problams  or  allow  naw  Iraadom  of 
daaign  in  dock  structuras. 

OMNIDIRECTIONAL 

A  Shaar  Fandar  can  stratch  in  all  four  shaar  di> 
raetions,  plus  taka  larga  comprassion  and  limltad 
lansion  loads.  This  faatura  allows  for  waia  mova- 
mant  away  from  tha  dock,  into  tha  dock,  or  tan- 
gantlal  to  tha  dock  as  a  barthing  vassal  slidas 
along.  In  comprassion.  tha  fandar  can  ba  usad 
alona  or  in  tandam.  boitad  batwaan  a  wall  and 
wala.  Tansion  and  comprassion  loading  allow  tha 
Shaar  Fandar  to  support  tha  wala.  assisting  tha 
pila  or  Chain  supports.  This  is  truly  a  uniqua  faa- 
lura  of  Shaar  Fandars. 

BUILDING  BLOCK  FENDER 

No  Other  dock  system  can  ba  tailorad  to  meat 
tha  specific  raquiremants  that  Morse  Shaar  bandars 
provide  Shaar  Fenders  can  ba  mountao  m  varying 
density,  allowing  up  stream  or  windward  areas  of 
tha  facility  to  be  stronger  than  tha  other  sections. 
Only  one  size  Shear  Fender  needs  to  be  used.  This 
has  a  direct  bearing  on  tna  economy  of  construc¬ 
tion  and  also  reduces  future  maintenance  cost. 

DURABIUTY 

Each  Shear  Fender  is  tested  before  shipment,  saa 
photos,  to  insure  long  service  iife.  Most  cases  of 
failura  are  due  to  on-sight  mechanical  abuse  of  the 
rubber  shear  block,  not  end  plate  separation.  Tha 
durability  of  tha  mechanical  and  chemical  bonded 
and  plates  have  bean  proven  over  yaars  of  service 
by  hundreds  of  fandars. 

EASE  OF  SERVICE 

A  Shaar  Fender  can  ba  replaced  by  removing 
eight  bolts.  No  need  to  interrupt  service,  because 
Shaar  Fandars  are  building  blocks.  Removal  of  one 
^aar  Fender  for  raplacemant  does  not  incapacitate 
tha  facility.  The  remaining  Shaar  Fandars  carry  tha 


load  until  tha  naw  fandar  is  installad;  again,  with 
just  eight  bolts. 

UNIFORM  LOAD  TRANSFER 

Shaar  Fenders  may  ba  placed  over  the  entire 
face  of  tha  dock,  from  top  to  bottom,  allowing 
more  uniform  transfer  ot  berthing  loads  to  tha  dock 
structure.  This  eliminates  high  load  concentrations 
caused  by  only  a  few  points  ot  load  transfer  be¬ 
tween  tha  wala  and  dock  structure.  An  added  fea¬ 
ture  of  this  type  of  dispersion  of  fenders,  is  tha 
fact  that  berthing  loads  are  always  taken  at  or  near 
a  fandar,  eliminating  overloads  due  to  torque. 

The  following  pages  conuin  dimensional  data, 
mounting  recommendations,  application  data, 
plotted  both  in  metric  and  English  units,  and  some 
typical  installation  drawings.  Should  other  data  ba 
required,  contact  your  nearest  Morse  Service  Cen¬ 
ter. 

SPECIFICATION:  SHEAR  FENDERS 

The  Morse  Shaar  Fencer  shall  ba  an  assembly 
consisting  of: 

t.  A  rubber  shaar  block  made  of  ASTM  0-2000 
NBOLASTIC  rubber  and  meeting  the  fol¬ 
lowing  ASTM  teat  values  SAA42S  An  Bo  Cm 
Fir  Kii  Li« 

2.  Metal  insert  plates  embedded  in  and  bonded 
to  that  block,  such  piatas  being  completely 
encased  in  rubber  for  corrosion  protection. 

Design  deflection  shall  be _ In.  or  Cm.  (See 

Product  Data  Curve) 

Design  Load  (Reaction)  shall  ba _ Kips  or 

Mat.  Tons  (See  Product  Data  Curve) 

Design  Energy  Absorption  shall  ba _ Ft 

Kips  or  Mat.  Tn.  Mets.  (See  Product  Data) 

Maximum  Overload  Expected  to  be _ Kips 

or  Mot.  Tons 

Specifications  subject  to  change  without  notice. 

Certified  prints  provided  with  quotation  on  re¬ 
quest. 
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10”  SHEAR  FENDER  •  Part  No.  E46496 


MOUNTIHS  BECOMMeMOATIOWS 

OalO».497  STHUCTUKAL  WIDE  FLANGE  H  BEAM 
CC  LB/FT  35.7S-* LONG <20C*I.  MAX.  DEFLECTION 

'BOLTS<a)  V2  UNC-2AX1-3MLG 
COFFOSIQN  FFOTECTiON  REO'O. 

SAE  grade  S  to  to  SOLB  FT 

standard  washer  or  washer 

PLATE  REa-0.(SEE  DETAIL) 

MORSE  SHEAR  FENDER  E  4C4S6 
DOCK  STRUCTURE  TYR  (FIXED) 
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10“  SHEAR  FENDERS 
WILL  SUPPORT  2 KIPS 
IN  COMPRESSION  WITH 
NO  NOTICASLE  CHANGE 
IN  THE  SHEAR  REACTION 


WASHER  PLATE  DETAIL 
l/B  STEEL  STOCK 
4  REQ'O.  (FENDER 
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METRIC  TONS 


12»  SHEAR  FENDER  •  Part  No.  E46498  U  S.  MT  3.7SS.tSa 
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BOLTS  (B)  1/2  UNC-2A  X  2  LONG 
COFROSION  protection  REO'D. 
SAE  GRADES  To  TO  SOLB  FT 
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PLATE  REO'D. (SEE  DETAIL) 

MORSE  SHEAR  FENDER  E4649B 

DOCK  STRUCTURE  TYP.  (FKED) 
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(OPTIONAL 
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12" SHEAR  fenders 
WILL  SUPPORT  3  KIPS 
IN  COMPRESS  ION  WITH 
NO  NOTICABLE  CHANGE 
IN  THE  SHEAR  REACTION 
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WASHER  PLATE  DETAIL 
1/B  STEEL  STOCK 
4  REO'D./  FENDER 
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14”  SHEAR  FENDER  •  Part  No.  E46500 


MOUWTIMO  l>tCOMMeNO«,TlQMt 


14II12X.4SI  STRUCrUNAL  WIDE  RLANGE  H  BEAM 
S4tB/RT  90"LON6*200*».  MAX.  OEruCCTiOM 


BOLTS (« )  9/8  U  NC *2 A  a 2*1/4 l6 
corrosion  protection  REOD 

SAE  GRADE  9  TO  TOIQOLBPT 


10«9  OVERLOAD  — 
BUMPER 
(OPTIONAL) 


STANDARD  WASHER  OR  WASHER 
PLATE  RCa‘0.(SEE  DETAIL) 


MORSE  SHEAR  FENDER  C4S900 
DOCK  STRUCTURE  TYP.  (  FIXED) 
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14” SHEAR  FENDERS 
WIU  SUPPORT  4  KIPS 
IN  COMPRESSION  WITH 
NO  NOTICABLE  change 
IN  THE  SHEAR  reaction 


WASHER  PLATE  DETAIL 
V18  STEEL  STOCK 
4  RE Q-D.  /  FENDER 
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14”  SHEAR  PEHDER 
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AUXiLiAWY  afplicatiqn  Data 
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16”  SHEAR  FENDER  •  Part  No.  E46502 


U  S.  PAT  3.r63.S$3 


LOAD 


METRIC  TON  METERS 


TYPICAL  APPLICATIONS 


Z«ra  Mflaetion 


kw«Mlna  aohintn  tofitfar* 


0«st 


BUCKLING  COLUMN 
FENDERS 

GENERAL 


60%  dafMction  70%  defitctian 


Th«  Buckling  Column.  Hka  mo  Shoar  Vendor,  is 
on  officiant  dovica  lor  absorbing  barthing  anargy 
(loads)  of  largo  vassals  whiia  transmitting  ralativaly 
tow  raaction  loads  to  ma  dock  structure.  Tha  Buck* 
Hng  Column  typo  fandar  can  ba  mstailad  whara  tha 
spaca  bahind  tha  dock  faca  is  Kmitad.  Solid  wails, 
whara  ma  Column  is  faca  mountod  and  supportad 
by  pila  or  chain  is  an  oxcellent  oxampia  of  a  dock 
whara  all  tha  anargy  must  ba  absorbad  betwaan 
ma  dock  and  tha  walo.  For  such  casas.  Buckling 
Columns  aro  an  idoai  choica. 

Buckling  Columns  can  also  ba  usad  in  combi¬ 
nation  wim  othar  absorbers  such  as  Shear  Fenders 
or  Extrusions  to  taka  advantage  ol  tha  features  of 
me  various  types  of  systems.  When  usad  to  its  do- 
signed  maximum  capacity,  the  Buckling  Column  is 
axtramaly  officiant,  but  if  overloads  occur,  trans- 
mittad  loads  increase  rapidly  aftor  tha  rated  datloc- 
flon  is  reached.  (Sea  application  curves).  For  this 
reason,  care  should  ba  taken  in  designs  whorir  a 
gross  overload  could  cause  maior  damage  to  a 
barming  vassal  or  tha  docking  facility. 

Buckling  Columns  are  designad  to  buckle  in  a 
known  diroctlon.  This  allows  Columns  to  be  mount¬ 
ed  in  pairs  or  quadrant  groupings  to  meat  design 
requirements.  Sometimes  it  is  more  feasible  to  use 
a  pair  of  smaller  Columns  in  place  of  a  single  large 
Column.  A  pair  of  smaller  Columns  will  transmit  a 
lowar  load  at  two  points  of  supoort  yet  in  total  will 
abaorb  me  same  anargy  as  a  single  large  Column. 
Thus,  the  load  may  ba  split  white  tha  energy  ab¬ 
sorbed  remains  constant. 

THE  MORSE  BUCKUNG  COLUMN 
FENDER 

•  Each  Morse  Buckling  Column  Fandar  la  a  molded 


rectangular  rubber  column  of  Naolastic  *  rubber 
with  metal  mounting  plates  embedded  in  and 
bondad  to  tha  ends,  to  create  an  integral  unit 
that  is  resistant  to  ozone,  suniignt.  temperature 
extremes,  marine  growth,  wear,  and  abrasion. 
•Before  shipment  from  the  Morse  Plant,  each 
Buckling  Column  is  cycled  (see  photos)  to  insure 
a  product  free  from  hidden  manufacturing  defects. 

•  Morse  Buckling  0>iumns  are  directly  mterchange- 
abla  with  units  of  other  manufacturers  in  the  same 
size. 

•  Sizes  range  from  12”  to  48"  with  efficiency  rating 
(R/E)  as  low  as  0.64. 

•  All  metal  «  corrosion  protected  for  long  service 

kte. 

SPECIFICATION:  BUCKLING  COLUMN 

The  Morse  Buckling  Column  Fender.  Part  No. 
(See  Product  Dimension  Sheet),  shall  be  an  assem¬ 
bly  consisting  of: 

1.  A  rubber  rectangular  column  made  of  ASTM 
0-2000  NEOLASTIC  rubber  and  meeting 
the  following  ASTM  test  values  3AA72S.  Bu. 
Cao,  F-t,  Kr,  Li4 

2.  Metal  insert  plates  embedded  in  and  bonded 
to  that  column,  such  plates  being  complete¬ 
ly  encased  in  rubber  for  corrosion  protection. 

Design  Load  (Raaction)  shall  be _ Kips  or 

Mot.  Tons  (See  Prod.  Data  Curve) 

Designed  Energy  Absorption  shall  be _ R. 

Kips  or  Mot.  In  Mats.  (See  Product  Data  Curve) 

Oealgnod  Deflection  shall  be _ Inches  or 

Cm.  to  a  maximum  of _ inenes  or  Cm 

SpeciHcations  subtect  to  change  without  r  itice. 
Certified  prints  provided  with  quotations  on 
request. 
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OCfLECTION  IN  INCHES 


METRIC  TON  METERS  METRIC 


MfTNIC  TON  MCTERS  METRIC  TONS 


EXTRUDED  FENDERS 

Extruded  fenders  are  one  of  the  most  widely 
ueed  forms  of  fender  protection  and  coma  in  a 
wide  range  of  sizes  and  shapes.  Although  relative¬ 
ly  inefficisnt  when  compared  to  other  fender  types, 
Extruded  Fenders  are  the  logical  choice  where 
structures  are  rigid,  where  the  relative  motion  be¬ 
tween  rubbing  surface  and  fender  is  lateral,  or 
where  vessel  size  is  small  and  the  energy  levels 
are  low. 

For  this  reason  Extruded  Fenders  are  found  in 
both  docK  applicationa  and  as  bumpers  for  tugs, 
barges,  work  boats  and  larger  pleasure  craft.  Ex¬ 
truded  fenders  perform  their  protective  function  by 
acting  as  a  soft  interface  between  a  vessel  and 
dock  or  between  two  vessels. 

Extruded  fenders  may  be  bolted,  hung  on  chain, 
or  clamped  to  flat  dock  wans  or  hulls. 

Extruded  fenders  can  be  pracurved  during  fabri¬ 
cation  to  lit  special  shape  requiremantB  or  attach¬ 
ment  methods. 

Mounting  holes  can  be  drilled  on  factory  ordar  or 
can  be  drilled  on  site  with  a  standard  ('V'  oversize) 
twist  drill  at  250  rpm.  The  drill  should  be  sharp¬ 


ened  to  120*  induded  angle  and  lubricated  with 
water  or  green  soap. 

Standard  extruded  fender  tolerances  are  •«‘4% 
on  outside  dimensions,  -t-  8%  on  inside  dimensions. 

%"  on  lengths  up  to  5  feet,  and  i%  on  longer 
sections  up  to  20  feet  maximum. 

The  standard  material  lor  extruded  fenders  is 
Ntolaatie  *  rubber  with  a  durometer  of  70+  5, 
however,  special  stocks  can  be  provided.  Consult 
Morse  Servica  Center  for  availability. 

Nwolattle*  rubber  compound  for  extruded  fen¬ 
ders  is  resistant  to  oil.  sunlight,  ozone,  temperature 
extremes,  abrasion,  and  wear.  It  meets  the  follow¬ 
ing  spacifleations  MIL-R-306S-B.  R.S.  720-ABD  and 
F.  ASTM  0-2000-70B.  and  SAE  designation  J-2000. 

Extnirlod  shapes  listed  in  this  manual  are  con¬ 
sidered  standard  shapes.  Variations  from  the  stan¬ 
dard  shapes  can  be  provided.  Contact  Morsa  Ser¬ 
vice  Center. 

Extruded  fenders,  while  primarily  a  marine  prod¬ 
uct  have  found  many  applications  in  industry  such 
as  truck  dock  bumpers,  door  bumpers,  corner  pro¬ 
tection.  rub  strips,  and  seals. 
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CYLINDRICAL  WINQ  EXTRUSION 


AFFKOXIMATe  LOAOi  eNCRaT,  DEFLECTION  CURVES  ^OR  MCRSE  STANDARD 
CTLINDRICAL  WIND 
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•VALUn  aiVCN  ON  TMS  fKfTCH  «M  CMCULATla 

•  PLATIS  HWt  FOWM  (Ut  MCTIOnSI  WHICH  MARIS  'HIM  MORI  RlOSW  THAH  RLAT  »LATIt 
•OHI  SCCTlON  WILL  COVtR  AFRROX.  rs«  OH  JS  -KAOIUS 


r/ 


X 


PERFORMANCE  CURVES 

O  Curves  shown  are  typical  tor  the  Cell 
Fenders.  Specific  curves  for  individual 
fenders  will  be  provided  upon  request 

PERFORMANCE  THEORY 

The  annular  column  design  of  the  Cell 
Fender  combines  two  engineering 
principles  to  produce  excepticnal  energy 
absorbmg  capacity  with  low  reaction 
force.  Rrst,  the  buckling  column  effect 
.  enables  the  fender  to  absorb  initial  impact 
in  compression.  Second,  when  buckling 
occurs  the  fender  continues  to  absorb 
energy  as  it  deflects,  however,  without  an 
increase  in  reaction  force.  Third,  added  to 
the  buckling  column  effect  is  the  hoop 
effect  which  gives  added  strength  and 
energy  capability. 

SYSTEM  PERFORMANCE 

Frontal  frames  and  hardware  designed 
and  manufactured  by  Lord  Kinematics 

O  combine  ’with  Cell  Fenders  to  complete 
the  system.  Low  hull  pressure  is  achieved 
through  properly  sized  contact  area. 

Low  shear  forces  are  the  result  of  low 
coefficient  of  friction  polymeric  contact 
pads  which  ate  resistant  to  wear,  gouging, 
and  tearing. 

SYSTEM  ECONOMY 

Complete  Cell  Fender  Systems  are 
economical  to  purchase  and  install.  Their 
performance  permits  new  installations  to 
be  designed  to  cost  less  and  existing 
installations  to  handle  large  vessels. 
Generally,  the  frontal  frame  requires  no 
pile  support  which  also  reduces  cost. 
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Cell  Marine  Fender  Systems 


Call  Fmdart  art  available  m  me  range  of  sizes 
liaiad  on  page  2.  They  can  be  Oesigneb  into  new 
or  existing  berthing  facilities  in  a  variety  of  pat- 
iems.  Figure  1  shows  some  of  the  typical  arrange¬ 
ments  that  are  recommended. 


A  typical  Call  Fender  and  frame  installation  as  shown  in  Rgures  2 
and  3  includes  anchor  bolts,  lateral  restraint  arxt  weight  suoport 
Chains  as  part  of  the  system.  Qualified  engineers  at  Lord  Kinematics 
can  help  you  develop  me  additional  fender  system  details  pertain¬ 
ing  to  installation  dimensio''«  and  system  component  matenais. 
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lateral  restraint  chain 

WEIGHT  SUPPORT  CHAM 


lateral  restraint  chain 

WEIGHT  SUPPORT  CHAIN 
PT  SERES  FENDER 
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Specially  deigned  anchor  sleeves,  bolts  and 
washers  for  embedment  dunng  concrete  casting 
are  availaoie|for'eech  tender.  Each  kit  includes 
sleeve,  boit  jnd  washer. 
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For  More  Information; 

Lord  Kinematics 

Lord  Corporation 
1635  West  12th  Street 
P.O.  Box  2051 
Erie,  PA  16512 
(814)456-8511  /*//• 


Lord 

Kinematics 


•fes.!”  Loro  Corgorinon 
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APPENDIX  B 


CURRENT  LOADS 

1-3  knots 
7  knots 
20  feet 
6  inches 
12  inches 
18  inches 

Reynold's  Number  Calculated  for  each  Diameter  eund  velocity 


Current  Variations  Considered 
Current  Maximum  Considered 
Immersion  Depth  Maximum 
Piling  Diameters  Considered 


Drag  Coefficient  obtainef  from  Reference  5,  P.  17 

Calculation  of  Drag  Force  F,  using 

a 


=  C^A 


[Ref.  4,  P.  223] 


1  knot  2  knots  3  knots 

6"  32.65  Ibf  54.41  Ibf  127.32  Ibf 

12"  65.27  Ibf  74.064  Ibf  185.05  Ibf 

18"  82.65  Ibf  119.1  Ibf  297.50  Ibf 


7  knots 
799.84  Ibf 
1756.32  Ibf 
2793.1  Ibf 
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APPENDIX  C 


WIND  LOADS 


Wind  Variations  Considered 
Wind  Maximiun  Considered 
Piling  Exposed  to  Wind 
Sail  Area  Exposed  to  Wind 
Piling  Diameters  Considered 


0-75  miles/hour 
75  miles/hour 
12  feet 
9  sq.  feet 
6  inches 
12  inches 
18  inches 


Reynold's  Number  Calculated  for  each  Diameter  and  Velocity 


Re 


D 

J!..  ..P. 


Drag  Coefficient  for  piling  taken  from  Reference  5,  P.  17 
Drag  Coefficient  for  sail  area  taken  from  Reference  4,  P.  388 
Calculation  of  Drag  Force  using 


o 

II 

00 

[Ref.  4 

,  P. 

223] 

20 

40 

60 

75 

sail  area 

10.94 

Ibf 

44.16 

Ibf 

99.21 

Ibf 

155.27 

Ibf 

6"  piling 

3.65 

Ibf 

14.7 

Ibf 

33.05 

Ibf 

51.64 

Ibf 

12"  piling 

7.26 

Ibf 

29.32 

Ibf 

65.86 

Ibf 

102.91 

Ibf 

18"  piling 

10.94 

Ibf 

44.16 

Ibf 

99.21 

Ibf 

155.02 

Ibf 

12  3 


Maxiown 

Important 

Maximum 

Maximum 

Oeflactioii 

Slopes 

Moment 

Shear  Force 

Wa’(3L-a) 

6EI 

j 

a 

lEI 

Wii 

at  X  >0 

1 

w  i 

at  X  <  a  I 

w.L* 

SET 

seT 

w,L' 

2 

at  X  >0 
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APPENDIX  E 


GIFTS 

The  GIFTS  system  is  a  finite  element  linear  ancdysis  program 
presently  available  for  use  at  the  Navsd  Postgraduate  Sdiool,  Monter^z 
California. 

GIFTS  may  be  used  to  construct  finite  element  nodels,  disple^ 
created  models,  add  loads  and  define  boundary  conditicxvs,  and 
perform  static  or  dynamic  anedysis.  These  capedt}ilities  are  fully 
e:q)lained  throuc^  the  use  of  GIFTS'  docunentation  library  available 
tiirou^  Prof.  G.  Cantin,  Medianicad  Engineering  Departmmit,  at  the 
Naval  Postgraduate  School. 

For  the  purpose  of  this  thesis  the  EDITM  module  was  x:ised  to 
create  a  6  element,  3  dimensional,  circular  cross  section  beam 
element. 

A  typical  program  running  sequence  includes; 

EDITM  model  generation 

EDITLB  load  and  boundary  condition  definitions 

QPTIM  optimizes  the  internal  nurbering  sequence 
in  order  to  reduce  disk  requirements  and 
increase  the  speed  of  solution 

STIPT  creates  the  stiffiiess  matrix 

OQOCM  deoonposes  stiffness  matrix 

CEETj  calculates  deflections 

STBESS  calculates  stress 


126 


JOB  miller  9-8-82  95512  PACE 

NP  X  Y  Z  CEP  MFP  LPD 


sssssSSo 
ncsssss 

IC9SS 
IC9SS 


C9SSC9SSC9SSS(S 


^3  ^3  ^3  (S  ^3 
+•  +  ■♦•  +  + 


SSQSCSS 
S  S  css  C9  G3  ^3  ^ 

I  I  I  I  I 


SC9(SSS(SSSSSS 


S 

s 


§sss 

■»•  +  +  -► 
LULU  LULU 
(S  S  C9  Q 
C9  S  S  S 
(SS)S(S 
(\J^(O00 


Ss 

+  I 
LULU 
S(S 

§S 


(OLn 


s 

s 

+ 


s 

s 

s 

LO 


ss 
sS 
+  «•■ 
LULU 

ror^ 
ro(0 
ro(o 
00  — 

(NJ  ^ 


s 


LU 

s 

s 

s 

LH 

I/) 


—  fNjrO^LOCOI^OOO)®  — 


129 


131 


1 


r.  • 


i 


& 

r-: 

r 

y 


r'-. 


LU 

Of>4 


SCSCSSQS 
S  S  (9  S  ^3  S 


r«v>- 
—  X 


I  Ui 

Q  OJ^ 


CsJfMrsirVKM 
^3  ^3  ^3  ^3  6) 

I  I  I  I  I 
UiLjJlillillil 

OJOJQOOO  — 
Lor^roLDfO 
^  ror^U)® 


—  X 
X 

h“ 

LU  88®®®® 
(f) 

<  888888 


Z  88888 

^  I  I  I  I  I 

Q  UULULUU 

O  _®<\j®r>or^ 
-J  8  — ®(M®® 

8  — osivor^ 

I  I  I  I  I 


(N» 

® 

I 

®  > 
I 

Oi 


888888 

888888 


CK. 

LU 


fflCL 

(DZ 


888888 

888888 

—  fMNl  V®  ® 


132 


133 


ELEMENT  NO  1 

_ 2  LOADING  CASE  ^ 

STRESSES  LABELLED 

X/L  -  0  0 _ IN  PERCENT  OF  YIELD 


U) 

U 

M  ssssss 
t  ■♦•  +  •♦•  +  +  + 
q:  yyjujujuiuj 
UJ  OSS^^GO 
Cl  ro<\icvjO)O)C0 
g  (oroi^(\i(Nji/)SiSsi(SS 

Q-  00^^^O^O(OS)SJQC^Q 

5  *  J  J-  *  •  •  •  *  < 

pooo-j 


S(M  <2 

y 


uj  kn 


^  <M  (M 

(/)|  S  S3 

LU  -f  -f 

O  LU  UJ 


p  m  a  S  Q 
§  u.  easLDQojca 
3  ®  2:  QQ— Sr>*Q 

iii  ^  2  I  I  I  I  I  I 

>.  25  >-rMx>-r\j 

^  z:3Z)roDCD 


a 

Q-J 

LULU 


UJ 
(/) 
o< 
z  o 

h~  O 

z  z 

LU  •— 

r  Q 

LU  < 
-JO 
LU  -J 


ODU. 
<  O 
_l 

H- 

LOZ 
LULU 
LO  CJ 

coo: 

LUUJ 
OC  0. 

I 

LOZ 


136 


APPENDIX  F 


ADINA 

ADINA  is  a  flexible  finite  element  program  allowing 
linear  and  nonlinear,  static  and  dynamic  analysis.  The 
program  offers  a  choice  of  six  element  types  and  twenty 
material  models  that  are  used  in  conjunction  with  the  differ¬ 
ent  elements  types.  For  the  purpose  of  this  thesis  a  3- 
dlmenslonal  circular  cross  section  beam  element  was  employed. 
Ideally  this  element  should  have  been  coupled  with  Mooney- 
Rlvllln  material  model.  However  In  ADINA  this  material  type 
Is  only  avallble  In  2-dlmenslonal  continuum  elements  for 
plane  stress  only.  It  was  decided  to  use  the  elastic-plastic 
material  model  even  though  It  did  not  match  the  response  of 
the  linear  through  nonlinear  ranges.  Using  ADINA 's  nonlinear 
formulation  to  allow  for  large  displacement,  it  was  hoped 
that  the  elastic-plastic  material  model's  response  would 
map  any  slight  linear  response  exhibited  by  the  experimental 
model.  Included  In  this  appendix  Is  a  typical  ADINA  output 
and  associated  data  file. 

Although  the  version  of  ADINA  installed  at  the  Naval  Post¬ 
graduate  School  Is  not  the  most  CTorrent,  It  Is  an  extremely 
powerful  tool.  Additional  information  on  the  many  applications 
of  ADINA  may  be  received  from  Prof.  G.  Cantln,  Mechanical 
Engineering  Department,  at  the  Naval  Postgraduate  School. 
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APPENDIX  G 


TABCZAroD  DATA 


D/d 

L/D 

S (in. ) 

F(lb.) 

Fa.{lb. 

)  M(in- 

9<a 

1.1 

.5 

16.38 

.422 

.421 

6.9 

3.0 

.6 

.671 

.669 

10.99 

3.5 

.8 

.922 

.91 

15.1 

4.2 

1.3 

1.171 

1.17 

19.18 

5.0 

1.6 

1.421 

1.42 

23.27 

6.0 

2.0 

1.64 

1.63 

26.86 

7.0 

2.1 

1.87 

1.85 

30.62 

10.0 

2.6 

2.12 

2.07 

34.715 

13.0 

2.8 

1.1 

1.0 

17.75 

.422 

.421 

7.49 

2.5 

1.5 

.671 

.668 

11.91 

5.0 

2.0 

.922 

.917 

16.366 

6.0 

3.0 

1.171 

1.161 

20.785 

7.5 

3.4 

1.421 

1.41 

25.22 

8.5 

4.1 

1.671 

1.64 

29.66 

10.5 

4.8 

1.921 

1.87 

34.1 

13.0 

5.7 

1.1 

2.0 

20.5 

.422 

.421 

8.651 

3.0 

2.89 

.671 

.668 

13.756 

5.5 

5.9 

.913 

.91 

18.88 

7.5 

4.9 

1.15 

1.149 

24.01 

11.0 

8.9 

1.382 

1.38 

29.13 

13.5 

10.1 

1.614 

1.6 

34.256 

15.0 

12.4 

Experimental  Test  Results 
(1  of  16) 
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S(in.)  F(lb.)  Fa(lb.)  M(in«ib)g<^ 

16.5  .422  .421  6.963  .23  .25 

.672  .672  -1.088  .5  .405 

.922  .92  15.213  .5  .556 

1.172  1.17  19.338  .75  .707 

1.422  1.4  23.463  1.0  .845 

1.672  1.67  27.571  1.5  l.Ol 

1.922  1.92  31.697  2.0  1.159 

2.172  2.17  35.805  2.3  1.31 

2.422  2.42  39.93  2.5  1.46 

2.672  2.667  44.006  3.5  1.61 

2.922  2.913  48.065  4.5  1.76 

3.172  3.16  52.14  5.0  1.91 

3.422  3.403  56.150  6.0  2.05 

3.672  3.645  60.143  7.0  2.2 

3.922  3.888  64.152  7.5  2.35 

4.172  4.126  68.079  8.5  2.49 

4.422  4.365  72.023  9.2  2.63 

4.672  4.601  75.917  10.0  2.78 

4.922  4.832  79.728  11.0  2.92 

5.172  5.059  83.474  12.0  3.05 

5.422  5.272  86.988  13.5  3.18 

5.672  5.504  90.816  14.0  3.32 

5.922  5.720  94.38  15.0  3.45 

6.172  5.917  97.631  16.5  3.57 

6.422  6.135  101.228  17.2  3.7 

6.672  6.345  104.693  18.0  3.83 

Experimental  Test  Results 
(2  ofl6) 


S (in. ) 

F(lb.) 

Fa.(lb. 

)  M(in-lb)oC^ 

6.5 

6.922 

6.545 

107.993 

19.0 

3.95 

7.172 

6.718 

110.847 

20.5 

4.05 

7.422 

6.857 

113.141 

22.5 

4.14 

7.672 

7.062 

116.523 

23.0 

4.26 

7.922 

7.253 

119.675 

23.7 

4.38 

8.172 

7.436 

122.694 

24.5 

4.49 

8.422 

7.602 

125.433 

25.5 

4.59 

8.672 

7.727 

127.496 

27.0 

4.66 

8.922 

7.687 

126.836 

30.5 

4.64 

9.172 

7.778 

128.337 

32.0 

4.69 

S (in. ) 

F(lb.) 

Fs.(lb. 

)  M(in-lb)£2C/»t 

8.0 

.422 

.42 

7.596 

0.0 

.5 

.672 

.67 

12.096 

.5 

.9 

.922 

.92 

16.596 

1.0 

1.25 

1.172 

1.17 

21.096 

1.5 

1.59 

1.422 

1.42 

25.596 

2.0 

1.94 

1.672 

1.67 

30.096 

2.5 

2.3 

1.922 

1.927 

34.596 

3.5 

2.7 

2.172 

2.1667 

39.091 

4.0 

2.96 

Experimental  Test  Results 
(3  of  16) 


V  V 


F(lb. 

)  M{in-lb)oc^ 

2.422 

2.412 

43.596 

5.0 

3.31 

2.672 

2.657 

48.096 

6.0 

3.65 

2.922 

2.9 

52.596 

7.0 

3.99 

3.172 

3.141 

57.096 

8.0 

4.33 

3.422 

3.379 

61.596 

9.0 

4.67 

3.672 

3.61 

66.096 

10.5 

5.01 

3.922 

3.829 

70.596 

12.5 

5.35 

4.172 

4.056 

75.096 

13.5 

5.69 

4.422 

4.281 

79.596 

14.5 

6.03 

4.672 

4.491 

84.096 

16.0 

6.44 

4.922 

4.681 

88.596 

18.0 

6.72 

5.172 

4.875 

93.096 

19.5 

7.06 

5.422 

4.991 

97.596 

23.0 

7.39 

5.672 

5.141 

102.096 

25.0 

7.74 

5.922 

5.323 

106.596 

26.0 

8.08 

6.172 

5.449 

111.096 

28.0 

8.42 

6.422 

5.589 

115.596 

29.5 

8.76 

6.672 

5.658 

120.096 

32.0 

9.1 

6.922 

5.671 

124.596 

35.0 

9.44 

Experimental  Test  Results 
(4  of  16) 
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S(in.J  F(lb.)  Padb.)  M(in-lb)^'^ 


.422 

.42 

7.292 

0 

.2 

.672 

.67 

11.612 

1.0 

.32 

.922 

.92 

15.932 

1.0 

.44 

1.172 

1.171 

20.252 

2.0 

.6 

1.422 

1.42 

24.572 

2.0 

.67 

1.672 

1.67 

28.892 

2.5 

.8 

1.922 

1.92 

33.212 

2.5 

.9 

2.172 

2.169 

37.532 

3.0 

1.02 

2.422 

2.419 

41.852 

3.0 

1.14 

2.672 

2.669 

46.172 

4.0 

1.  3 

2.922 

2.913 

50.492 

4.5 

1.4 

3.172 

3.16 

54.812 

5.0 

1.5 

3.422 

3.409 

59.132 

5.0 

1.6 

3.672 

3.652 

63.452 

6.0 

1.7 

3.922 

3.901 

67.772 

6.0 

1.8 

4.172 

4.145 

72.092 

6.5 

1.96 

4.422 

4.389 

76.412 

7.0 

2.08 

4.672 

4.632 

80.732 

7.5 

2.2 

4.922 

4.874 

85.052 

8.0 

2.3 

Experimental  Test  Results 
(6  of  16) 


155 


D/d  L/D  S(in.)  F(lb.)  Fs(lb.)  M(in-lb)aJ^  gC* 
1.26  .5  17.28  5.172  5.115  89.372  8.5  2.4 

5.422  5.355  93.692  9.0  2.5 

5.672  5.594  98.012  9.5  2.6 

5.922  5.823  102.332  10.5  2.7 

6.172  6.048  106.652  11.5  2.8 

6.422  6.282  110.972  12.0  2.9 

6.672  6.514  115.292  12.5  3.0 

6.922  6.745  119.612  13.0  3.1 

7.172  6.959  123.923  14.0  3.3 

7.422  7.186  128.252  14.5  3.5 

7.672  7.411  132.572  15.0  3.6 

7.922  7.634  136.892  15.5  3.7 

8.172  7.855  141.212  16.0  3.8 

8.422  8.075  145.532  16.5  4.0 

8.672  8.293  149.852  17.0  4.1 

8.922  8.485  154.172  18.0  4.3 

9.172  8.698  158.492  18.5  4.4 

9.422  8.909  162.812  19.0  4.45 

9.672  9.117  167.132  19.5  4.5 

Experimental  Test  Results 
(7  of  16) 


156 


S  (in. 
17.28 


F(lb. 

>  F3(lb. 

)  M{in-: 

Lb)e(; 

9.922 

9.324 

171.452 

20.0 

4.65 

10.172 

9.528 

175.772 

20.5 

4.7 

10.422 

9.679 

180.092 

21.5 

4.75 

10.672 

9.985 

184.412 

22.0 

4.8 

10.922 

10.091 

188.732 

22.5 

4.9 

11.172 

10.284 

193.052 

23.0 

5.1 

11.422 

10.435 

197.372 

24.0 

5.2 

11.672 

10.671 

201.692 

24.5 

5.3 

11.922 

10.805 

206.012 

25 

5.5 

12.172 

10.94 

210.332 

26.0 

5.8 

12.422 

11.117 

214.652 

26.5 

5.9 

12.672 

11.291 

218.972 

27.0 

6.0 

12.922 

11.462 

223.292 

27.5 

6.04 

13.172 

11.63 

227.612 

28.0 

6.16 

13.422 

11.739 

231.932 

29.0 

6.28 

13.672 

11.9 

236.251 

29.5 

6. 39 

13.922 

12.057 

240.572 

30.0 

6.51 

14.172 

12. 148 

244.392 

31.0 

6.62 

14.422 

12.297 

249.212 

31.5 

6.74 

14.672 

12.442 

253.532 

32.0 

6.85 

Experiiaental  Test  Results 
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D/d 

1.26 


D/d 

1.26 


L/D 

.5 


L/D 

1.0 


S  (in. 

)  F(lb. 

)  Fgdb. 

)M(in-lb)^* 

“  ~  M 

17.28 

14.922 

12.585 

257.852 

32.5 

6.97 

15.172 

12.652 

262.172 

33.5 

7.08 

15.422 

12.785 

266.492 

34.0 

7.2 

15.672 

12.916 

270.812 

34.5 

7.31 

15.922 

12.632 

275.132 

37.5 

7.42 

S  (in. 

)  F(lb. 

)  Fsdb. 

)  M(in- 

lb)2(^ 

< 

18.85 

.422 

.42 

7.957 

1.0 

.5 

.672 

.67 

12.667 

1.5 

.7 

.922 

.92 

17.38 

2.0 

1.0 

1.172 

1.171 

22.092 

2.5 

1.3 

1.422 

1.42 

26.805 

2.5 

1.5 

1.672 

1.67 

31.517 

3.0 

1.8 

1.922 

1.919 

36.23 

3.0 

2.04 

2.172 

2.168 

40.942 

3.5 

2.31 

2.422 

2.416 

45.655 

4.0 

2.6 

2.672 

2.665 

50.367 

4.0 

2.9 

2.922 

2.913 

55.080 

4.5 

3.11 

3.172 

3.16 

59.792 

5.0 

3.4 

Experimental  Test  Results 
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3.422 

3.403 

64.505 

6.0 

3.7 

3.672 

3.645 

69.217 

7.0 

3.9 

3.922 

3.893 

73.930 

7.0 

4.2 

4.172 

4.131 

78.642 

8.0 

4.4 

4.422 

4.379 

83.355 

8.0 

4.7 

4.672 

4.621 

88.067 

8.5 

5.0 

4.922 

4.861 

92.78 

9.0 

5.3 

5.172 

5.093 

97.492 

10.0 

5.5 

5.422 

5.331 

102.205 

10.5 

5.8 

5.672 

5.568 

106.917 

11.0 

6.1 

5.922 

5.793 

111.63 

12.0 

6.6 

6.172 

5.989 

116.342 

14.0 

6.6 

6.422 

6.203 

121.055 

15.0 

7.0 

6.672 

6.429 

125.767 

15.5 

7.1 

6.922 

6.62 

130.48 

17.0 

7.4 

7.172 

6.84 

135.192 

17.5 

7.7 

7.422 

7,059 

139.905 

18.0 

7.9 

7.672 

7.254 

144.617 

19.0 

8.1 

7.922 

7.468 

149.33 

19.5 

8.4 

8.172 

7.654 

154.042 

20.5 

8.7 
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D/d  L/D 


1.26  2 


F(lb. 

)  Is  (lb 

. )  M (in- 

lb)  a; 

1.172 

1.71 

25. 762 

2.5 

3.06 

1.422 

1.42 

31.284 

3.0 

3.7 

1.672 

1.67 

36.784 

3.5 

4.3 

1.922 

1.917 

42.284 

4.0 

5.03 

2.172 

2.163 

47.784 

5.0 

5.7 

2.422 

2.408 

53.284 

6.0 

6.33 

2.672 

2.655 

58.784 

6.5 

6.98 

2.922 

2.9 

64.284 

7.0 

7.64 

3.172 

3.145 

69.784 

7.5 

8.29 

3.422 

3.384 

75.283 

8.5 

8.95 

3.672 

3.627 

80.784 

9.0 

9.59 

3.922 

3.849 

86.284 

11.0 

10.5 

4.172 

4.081 

91.784 

12.0 

10.9 

4.422 

4.299 

97.284 

13.5 

11.5 

4.672 

4.513 

102.784 

15.0 

12.2 

4.922 

4.731 

108.284 

16.0 

12.8 

5.172 

4.933 

113.784 

17.5 

13.5 

5.422 

5.142 

119.284 

18.5 

14.1 

5.672 

5.329 

124.784 

20.0 

14.7 

5.922 

5.509 

130.284 

21.5 

15.4 

Experimental  Test  Results 
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D/d 

L/D 

£(in. 

)  Fdb. 

)  Fsdb. 

)  M(in- 

1.26 

2.0 

-2.0 

6.172 

5.681 

135.784 

23.0 

16.0 

6.422 

5.82 

141.284 

25.0 

16.6 

6.672 

5.997 

146.784 

26.0 

17.3 

6.922 

6.139 

152.284 

27.5 

17.9 

7.172 

6.273 

157.784 

29.0 

18.5 

7.422 

6.395 

163.284 

30.5 

19.1 

7.672 

6.434 

168.784 

33.0 

19.6 

7.922 

6.489 

174.284 

35.0 

20.3 

8.172 

6.439 

179.784 

38.0 

20.8 

8.422 

5.743 

185.284 

47.0 

21.2 

D/d 

L/D 

S  Un. 

)  F(in. 

)  F^Cin. 

)  M(in-: 

lb)CX® 

1.34 

.5 

89.33 

.376 

.376 

34.08 

0.0 

.7 

1.12 

1.116 

139.92 

5.0 

2.7 

1.3 

1.278 

198.84 

10.5 

3.8 

1.3 

1.25 

240.24 

16.0 

4.6 

1.49 

1.382 

300.96 

22.0 

5.7 

1.68 

1.483 

359.88 

28.0 

6.86 

1.86 

1.594 

416.4 

34.0 

7.9 

1.86 

1.425 

453.480 

40.0 

8.6 
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D/d 

L/D 

S(in.)  F(lb.)  M(in-lb)<7^* 

—  ^ 

^4 

1.34 

.5 

89.33  1.86  1.257 

495.360 

47.5 

9.4 

2.1  1.159 

555.120 

56.5 

10.6 

2.42  .965 

625.56 

66.5 

11.9 

2.42  .626 

647.28 

75.0 

12.4 

2.42  .211 

660.6 

85.0 

12.56 

D/d 

VD 

S(in. )  F(lb. )  ^(Ib. ) 

< 

1.34 

1.0 

91.0  .375 

61.44 

3.5 

2.4 

.559 

93.84 

5.5 

3.6 

.909 

184.80 

13.0 

7.1 

1.05 

254.4 

20.0 

9.7 

1.137 

334.8 

29.0 

12.8 

.917 

374.52 

35.0 

14.3 

.958 

422.76 

43.0 

16.2 

.928 

484.560 

51.5 

18.5 

.734 

523.680 

60.0 

20.0 

D/d 

L/D 

S(in.)  F(lb.)  Fg^db, 

.)  M(in-lb)<?^* 

1.34 

.5 

94.0  .368 

112.30 

4.0 

9.5 

.924 

151.8 

8.0 

11.7 

1.082 

226.440 

15.0 

17.5 

.868 

256.44 

21.5 

19.8 

.647 

300.600 

30.0 

23.04 

.134 

343.56 

45.0 

26.17 
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D/d 

VD 

S  (in. )  F  (lb. ) 

Fe(lb.)  M(in-]b)c^* 

ex' 

1.52 

.5 

91.0  .747 

.74 

106.66 

5.0 

1.3 

1.490 

1.474 

201.498 

8.5 

2.3 

2.047 

1.968 

309.184 

16.0 

3.5 

2.604 

2.439 

393.121 

20.5 

4.4 

2.790 

2.475 

459.784 

27.5 

5.2 

3.347 

2.691 

569.80 

36.5 

6.4 

3.533 

2.584 

625.7 

43.0 

7.1 

3.533 

2.271 

663.8 

50.0 

7.5 

4.647 

2.393 

805.0 

59.0 

9.1 

5.019 

1.880 

870.0 

68.0 

9.8 

6.690 

.408 

1053.0 

86.5 

11.8 

D/d 

I/D 

S(in.)  F(lb.) 

Fg^db.)  M(in- 

1.52 

1.0 

93.0  .376 

.373 

86.55 

6.5 

2.0 

1.119 

1.098 

191.01 

11.0 

4.4 

1.490 

1.440 

256.51 

15.0 

5.8 

1.862 

1.749 

329.07 

20.0 

7.5 

2.233 

1.990 

411.00 

26.5 

9.3 

2.233 

2.11 

432.01 

29.5 

9.8. 

2.419 

1.95 

496.0 

36.5 

11.2 

2.976 

2.176 

587.55 

43.0 

13.3 
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S(in.)  F(lb.) 

Fgdb.)  M (in-lb) 

•3.0  3.162 

2.03 

643.19 

50.0 

14.5 

3.719 

2.02 

728.0 

57.0 

16.4 

4.09 

1.73 

793.0 

65.0 

17.9 

4.647 

1.28 

870.0 

74.0 

20.0 

S(in.)  F(lb.) 

^(2b.)  M(in-]b)^^ 

< 

•7.0  .433 

.40 

62.0 

7.5 

3.0 

1.304 

1.286 

233.95 

13.5 

10.7 

1.304 

1.233 

274.34 

19.0 

12.5 

1.486 

1.358 

325.05 

24.0 

15.0 

1.675 

1.466 

372.63 

29.0 

17.0 

1.861 

1.477 

432.61 

37.5 

20.0 

1.865 

1.316 

463.74 

45.0 

21.0 

2.04 

1.199 

510.83 

54.0 

23.0 

2.418 

.945 

550.18 

67.0 

25.0 

2.418 

.5496 

695.49 

76.0 

32.0 

3.34 

.000 

795.9 

90.0 

36.0 
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Critical  Values  for  a 


ADUCV  was  used  to  evaduate  ^le  critical  stresses  in  the  model. 
Viiere  the  oorrelatian  between  confaxter  model  and  escperimoital  model 
was  good  in  the  lirvwir  response  range,  critical  stress  was  taken  at 
5,  10,  and  15  degrees  of  rotation,  ftiere  oorrelatian  was  poor  only 
the  criticad  stress  at  the  first  loading  was  taken. 

D/d  yp  _c(p-s.i.) 

1.1  .5  12.27 

1.0  21.27 

2.0  26.97  (5  degrees) 

46.93  (10  degrees) 

66.76  (15  degrees) 

1.2  .5  5.565 

1.0  6.27 

2.0  33.047(5  degrees) 

47.68  (10  degrees) 

59.57  (15  degrees) 

1.26  .5  4.36 

1.0  4.798 

2.0  33.46  (5  degrees) 

56.63  (10  degrees) 

68.0  (15  degrees) 


APPENDIX  H 


SAMPLE  CALCULATION 

I.  Piling  Size  Selection 
Assume  6“  OD.  Steel  Pipe 

II.  Use  Appendices  B  cuid  C  to  extract  environmental  loads 
Assume  a  2  knot  current 

20  mile/hour  wind 
Assume  15  feet  of  water  depth 

12  feet  of  piling  above  water 
9  sg.  feet  of  Navigational  Package  Sail  Area 
From  Appendices  B  and  c 

2  knot  current  acting  on  6”  pile  «  54.41  Ibf. 

20  mile/hour  wind  acting  on  6"  pile  «  3.65  Ibf. 

20  mile/hour  wind  acting  on  9  sg.  feet  sail  area 
»  10.94  Ibf. 

III.  Calculate  Total  Moment 

a)  54.41  Ibf  X  7.5  ft.  »  408.075  ft-lb 

b)  3.65  Ibf  X  21  feet  =  76.65  ft-lb 

c)  10.94  Ibf  X  30  feet  *  328.2  ft=lb 

Total  Moment  812.925  ft-lb  =  9755.1  in-lb 

IV.  Using  the  critical  value  for  a 

Mr^ 

»  68  p.s.i.  emd  o  »  -=- 
c  cl 
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Solving  for  D  and  d  where  D  «  1.26  d  (the  ratio  for 
the  desired  snap-through  action) . 

V.  D  a  13.38  inches 
d  s  10.44  inches 

VI.  Final  Size 

Using  the  2-1  ratio  L/D 
L  s  26.76  inches 
D  a  13.38  Inches 
d  *  10.44 
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